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V I I 
S U M M A R Y 
T H E P U R P O S E O F T H I S R E S E A R C H W A S T O E S T A B L I S H T H E C O R R E C T S T R U C ­
T U R E F O R V I O M Y C I D I N E , A H Y D R O L Y S I S P R O D U C T O F T H E A N T I B I O T I C V I O M Y C I N , 
A N D T O D E T E R M I N E A S M A N Y O F T H E S T R U C T U R A L F E A T U R E S O F V I O M Y C I N A S P O S ­
S I B L E . T H E U L T I M A T E G O A L O F I N V E S T I G A T I O N S O F T H E C H E M I S T R Y O F V I O M Y ­
C I N I S T O D E T E R M I N E T H E S T R U C T U R E O F V I O M Y C I N I N C O M P L E T E D E T A I L . 
C^H^qN^O^ A N D T O C O N T A I N N O C-CH^, Q-CH^, N-CH^, O R P R I M A R Y A M I N O G R O U P S . 
A T T H E B E G I N N I N G O F T H I S R E S E A R C H T H E T H R E E S T R U C T U R E S , I , I I , A N D I I I , 
W E R E S U G G E S T E D F O R T H E S T R U C T U R E O F V I O M Y C I D I N E O N T H E B A S I S O F T H E 
F O R M U L A , T H E O P T I C A L A C T I V I T Y , T H E P K V A L U E S , T H E P R E S E N C E O F A M O N O -
A 
S U B S T I T U T E D G U A H I D I N E G R O U P ( S A K A G U C H I T E S T ) ' , T H E N U C L E A R M A G N E T I C 
R E S O N A N C E A N D I N F R A R E D S P E C T R A , T H E P R E S E N C E O F A R E D U C I B L E D O U B L E B O N D 
I N A i i 1 - P Y R R O L I N E M O I E T Y , A N D O T H E R C H E M I C A L D A T A . V I O M Y C I D I N E W A S A L S O 
C H A R A C T E R I Z E D B Y T W O ' H I G H L Y C R Y S T A L L I N E D E R I V A T I V E S , T H E 2 , 4 - D I N I T R O -
P H E N Y L - A N D T H E A C E T Y L - D E R I V A T I V E . 
T H E P R E S E N C E O F A R E D U C I B L E D O U B L E B O N D I N V I O M Y C I D I N E A N D T H E 
F A C T T H A T A G U A N I D I N E G R O U P C A N B E H Y D R O L Y Z E D - B Y B A S E T O A N A M I N O G R O U P 
V I O M Y C I D I N E H A S B E E N P R E V I O U S L Y R E P O R T E D T O H A V E T H E F O R M U L A 
I I I I I I 
v i i i 
made i t p o s s i b l e . t h a t a p y r r o l i d i n e amino a c i d c o u l d be o b t a i n e d f r o m 
h y d r o g e n a t i o n and b a s i c h y d r o l y s i s o f v i o m y c i d i n e . 
A c c o r d i n g l y , s e v e r a l amino a c i d s were s y n t h e s i z e d i n o r d e r t o be 
compared w i t h t h e amino a c i d t h a t m i g h t be o b t a i n e d f r o m . v i o m y c i d i n e . 
c i s - 4 - A m i n o p y r r o l i d i n e - 2 - c a r b o x y l i c a c i d was p r e p a r e d by t h e c a t a l y t i c ? ' . . 
r e d u c t i o n o f 4 - n i t r o p y r r o l e - 2 - c a r b o x y l i c a c i d - The amino a c i d o b t a i n e d 
was c h a r a c t e r i z e d by t h e N , N ' - d i b e n z o y l and t h e b i s - 2 , L\-dinitrophenyl 
d e r i v a t i v e s and by t h e b i s - 2 , 4 - d i n i t r o - l - n a p h t h o l - 7 - s u l f o n a t e s a l t . 
c i s - 3 - A m i n o p y r r o l i d i n e - 2 - c a r b o x y l i c a c i d was p r e p a r e d by t h e c a t a l y t i c , 
r e d u c t i o n o f 3 - n i t r o p y r r o l e - 2 - c a r b o x y l i c a c i d . The l a t t e r was o b t a i n e d 
as a m i x t u r e o f 3 - and 4 - n i t r o i s o m e r s by t h e n i t r a t i o n o f p y r o c o l l . 
The m i x t u r e was p u r i f i e d and t h e p u r e 3 - n i t r o p y r r o l e - 2 - c a r b o x y l i c a c i d 
was r e d u c e d t o t h e p y r r o l i d i n e amino a c i d . T h i s amino a c i d was c h a r a c ­
t e r i z e d by t h e d e h y d r o - N . N ' - d i b e n z o y l d e r i v a t i v e and t h e b i s - 2 , 4 - d i n i t r o -
l - n a p h t h o l - 7 - s u l f o n a t e s a l t . J 
As a consequence o f an a t t e m p t e d s y n t h e s i s o f v i o m y c i d i n e ( s t r u c ­
t u r e I I I ) , a n o t h e r amino a c i d , 4 - a m i n o p y r r o l i d i n e - 2 , 4 - d i c a r b o x y l i c a c i d 
was s y n t h e s i z e d by t h e S t r e c k e r r e a c t i o n w i t h 1 , 2 - d i c a r b e t h o x y - 4 - p y r r o -
l i d o n e f o l l o w e d by a c i d h y d r o l y s i s . T h i s new amino a c i d was c h a r a c t e r ­
i z e d by t h e b i s - 2 , 4 - d i n i t r o p h e n y l d e r i v a t i v e and by t h e b i s - 2 , 4 - d i n i t r o -
l - n a p h t h o l - 7 - s u l f o n a t e s a l t . 
^ - A m i n o p y r r o l i d i n e ^ ^ - d i c a r b o x y l i c a c i d and c i s - 4 - a m i n o p y r r o l i - ' 
d i n e - 2 - c a r b o x y l i c a c i d were t e s t e d b i o l o g i c a l l y and were f o u n d t o have 
no a n t i v i r a l o r a n t i b a c t e r i a l - a c t i v i t y . 
S t r u c t u r e I I ( 3 - g u a n i d o - A 1 - p y r r o l i n e - 2 - c a r b o x y l i c a c i d ) had been 
p r o p o s e d as t h e s t r u c t u r e o f v i o m y c i d i n e . However , t h e p o s i t i o n s o f t h e 
g u a n i d i n e g r o u p and t h e d o u b l e bond were n o t e s t a b l i s h e d w i t h c e r t a i n t y . 
A 1 - P y r r o l i n e s u s u a l l y g i v e N - a c e t y l - A 2 - p y r r o l i n e s on a c e t y l a t i o n o When 
a c e t y l v i o m y c i d i n e was o z o n i z e d , f o l l o w e d by o x i d a t i v e w o r k - u p and a c i d 
h y d r o l y s i s , D L - a s p a r t i c a c i d and g u a n i d i n e were p r o d u c e d as t h e o n l y 
o b s e r v a b l e p r o d u c t s . I f s t r u c t u r e I I had been c o r r e c t , g u a n i d i n e and 
J 3 - a l a n i n e w o u l d have been p r o d u c e d . As no ^ - a l a n i n e was f o u n d , s t r u c ­
t u r e I I i s e x c l u d e d and a new s t r u c t u r e , I V , 2 - g u a n i d o - A 1 - p y r r o l i n e -
IV 
5 - c a r b o x y l i c a c i d , i s p r o p o s e d f o r v i o m y c i d i n e . The f o r m a t i o n o f r a -
cemic a s p a r t i c a c i d i s a t t r i b u t e d t o t h e r a c e m i z a t ' i o n o f t h e a s y m m e t r i c 
c e n t e r o f v i o m y c i d i n e by h o t p y r i d i n e - a c e t i c a n h y d r i d e . As v i o m y c i d i n e 
i s more d e x t r o r o t a t o r y i n a c i d s o l u t i o n t h a n i n w a t e r , a p p l i c a t i o n o f 
t h e C l o u g h - L u t z - J i r g e n s o n s r u l e s u g g e s t s t h e L ( o r R) c o n f i g u r a t i o n 
f o r t h e a s y m m e t r i c c e n t e r p r e s e n t . 
A r e p o r t f r o m a n o t h e r l a b o r a t o r y d e s c r i b e d t h e i s o l a t i o n o f a 
d i p e p t i d e t h a t c o n t a i n e d o n l y v i o m y c i d i n e and a , p - d i a m i n o p r o p i o n i c a c i d . 
Based on t h e p r o p e r t i e s o f t h e d i p e p t i d e , and i n c o r p o r a t i n g s t r u c t u r e 
I I f o r v i o m y c i d i n e , s t r u c t u r e V was p r o p o s e d f o r t h e d i p e p t i d e . U s i n g 
t h e p r o p o s e d s t r u c t u r e f o r v i o m y c i d i n e ( I V ) , a new s t r u c t u r e ( V l ) i s 
p r o p o s e d f o r t h e d i p e p t i d e . 
P r e v i o u s i n v e s t i g a t i o n s o f v i o m y c i n have shown t h a t t h e b a r i u m 
h y d r o x i d e h y d r o l y s a t e o f t h e a n t i b i o t i c r e v e a l e d by p a p e r c h r o m a t o g r a p h y , 
X 
b e s i d e the u s u a l amino a c i d s o b t a i n e d from the a c i d h y d r o l y s i s , e x c e p t 
t i f i e d a s a l a n i n e . The barium h y d r o x i d e h y d r o l y s i s was r e p e a t e d and 
the unknown compound was i s o l a t e d and p u r i f i e d by paper and carbon 
chromatography . The unknown was i d e n t i f i e d a s D L - a l a n i n e by paper 
chromatography, o p t i c a l r o t a t i o n , i n f r a r e d and n u c l e a r magne t i c r e s o ­
nance s p e c t r a , and by the 2 , 4 - d i n i t r o p h e n y l d e r i v a t i v e . 
When the barium h y d r o x i d e h y d r o l y s a t e was a c i d i f i e d and d i s t i l l e d 
i t l i b e r a t e d a c e t i c a c i d i n 2 0 per c e n t y i e l d . The r e s i d u e , when t e s t ­
ed, d i d not show t h e p r e s e n c e of o x a l i c a c i d , b u t gave p y r r o l e - 2 - c a r -
b o x y l i c a c i d i n t h r e e per c e n t y i e l d . The a n t i b i o t i c was found t o be 
u n a f f e c t e d by the enzyme p r o n a s e . 
V i o m y c i n , v i o m y c i d i n e , u r e a , s e r i n e , and a , (B-d iaminopropion ic 
a c i d were h y d r o l y z e d w i t h barium h y d r o x i d e and the amount of ammonia 
l i b e r a t e d was determined v e r s u s t i m e . S e r i n e and a , p V d i a m i n o p r o p i o n i c 
a c i d r e l e a s e d a n e g l i g i b l e amount of ammonia i n f o u r d a y s . V iomyc in 
and v i o m y c i d i n e gave a b o u t t h r e e moles each i n t h r e e days and urea was 
V VI 
• v i o m y c i d i n e , a n i n h y d r i n p o s i t i v e compound which was t e n t a t i v e l y i d e n -
X I 
C O M P L E T E L Y H Y D R O L Y Z E D D U R I N G T H E S A M E P E R I O D O F T I M E . A N A L Y S I S O F T H E 
R E S U L T S A T V A R I O U S R E A C T I O N T I M E S R E V E A L E D T H A T V I O M Y C I N R E L E A S E D , 
R E L A T I V E L Y S E L E C T I V E L Y , A B O U T O N E M O L E O F A M M O N I A I N E X C E S S O F T H A T 
R E L E A S E D F R O M U R E A I N T H E F I R S T T W E N T Y H O U R S O F H Y D R O L Y S I S . T H I S S U G ­
G E S T E D T H E T R A N S F O R M A T I O N O F A " G U A N I D I N E " G R O U P T O A " U R E I D O " G R O U P 
I N V I O M Y C I N D U R I N G T H A T T I M E . 
A N A L Y S I S O F T H E A C I D H Y D R O L Y S A T E O F V I O M Y C I N I N D I C A T E D A R A T I O 
O F 1 . 0 0 M O L E O F U R E A , 0 . 1 1 0 M O L E O F A M M O N I A A N D 0 . 1 4 5 M O L E O F V I O M Y C I ­
D I N E . U R E A R E L E A S E D 0 » 0 7 3 M O L E O F A M M O N I A U N D E R T H E S A M E H Y D R O L Y S I S 
c o n d i t i o n . T h i s i n d i c a t e d , i n a g r e e m e n t w i t h t h e e l e m e n t a l a n a l y s i s 
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The a n t i b i o t i c viomycin was i s o l a t e d from c u l t u r e s of S t r e p t o -
myces puniceus and Streptomyces f l o r i d a e s imul taneously i n the l a b o r a ­
t o r i e s of Charles P f i z e r and Company ( l ) and Parke,, Davis and Company 
( 2 ) i n 1 9 5 0 o Early b i o l o g i c a l s t u d i e s i n d i c a t e d t h a t viomycin was u s e ­
f u l a g a i n s t t u b e r c u l o s i s ( l )« La te r s t u d i e s wi th humans i n advanced 
s t ages of t u b e r c u l o s i s over per iods of two to t en weeks i n d i c a t e d t h a t 
viomycin caused kidney damage^, v e s t i b u l a r dysfunction^ e l e c t r o l y t e im­
balance,, and h y p e r s e n s i t i v i t y ( 3 ) ° However,..viomycin i s s t i l l used 
c l i n i c a l l y when the t u b e r c u l o s i s microorganism becomes r e s i s t a n t t o 
s t r ep tomycin . 
Several s a l t s of viomycin have been prepared; the chlor ide^ the ' 
p ier-a te , the r e i n e c k a t e , and the s u l f a t e . A n a l y t i c a l da ta on these s a l t s 
were c o n s i s t e n t wi th an empi r i ca l formula of C ] _ 8 ^ 3 1 3 3 ^ 9 ® 8 f o r ' ^ n e f r ee 
base ( 3 , 4 ) o La te r , a d iaphragm-cel l d i f fu s ion technique," us ing the s u l ­
f a t e s a l t , i n d i c a t e d a molecular weight of 7 7 2 f o r the s u l f a t e s a l t , 
which, t o g e t h e r with a n a l y t i c a l data and chemical evidence, suggested 
a molecular formula of G 2 5 H 4 ^ N i 2 G l l ° 3 / 2 H 2 S 0 4 ^ M g 1 ° w t ° T h e 
s u l f a t e mel ts a t 2 5 2 ° wi th decomposition and has a s p e c i f i c r o t a t i o n of 
- 3 9 . 8 ° i n water ( 2 ) . 
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The a n t i b i o t i c i s a s t r o n g b a s e , and has pK vv a l u e s ^ -of" •© »-3-9 im$?3, 
and 1 2 . 2 i n w a t e r . The pK v a l u e s o f 8 . 3 and 1 0 . 3 a r e due t o amino g r o u p s 
a 
and t h a t o f 1 2 . 2 i s due t o a g u a n i d i n e f u n c t i o n . The absence o f a l o w 
pK v a l u e i n d i c a t e d t h a t v i o m y c i n does n o t have a f r e e c a r b o x y l i e g r o u p 
a 
( $ ) . Van S l y k e p r i m a r y amino n i t r o g e n v a l u e i n d i c a t e d t h a t 1 .22 p r i m a r y 
amino g r o u p s i n v i o m y c i n r e a c t i n 2 . 5 m i n u t e s , 1 .98 g r o u p s r e a c t i n 15 
m i n u t e s , and 2 . 16 g r o u p s r e a c t i n an h o u r (assumed m o l e c u l a r w e i g h t , 
836) ( 6 ) . 
Viomycir? e x h i b i t s one s t r o n g a b s o r p t i o n peak i n t h e u l t r a v i o l e t 
region. The position and intensity o f t h i s peak depend on t h e pH o f t h e 
s o l u t i o n . The peak o c c u r s a t 268 mjj, (e, 2 3 , 3 0 0 ) i n 0 d N h y d r o c h l o r i c 
a c i d , a t 2 6 8 . 5 mu (e , 2 2 , 9 0 0 ) i n n e u t r a l s o l u t i o n , and a t 2 8 2 . 5 mu, 
(e, 1 4 , 6 0 0 ) i n 0 . 1 N s o d i u m h y d r o x i d e . D e t e r m i n a t i o n o f t h e u l t r a v i o l e t 
s p e c t r a o f v i o m y c i n i n s o l u t i o n s o f gH 1 0 , 1 1 , 12 , 1 3 , and 1 4 , r e s p e c t i v e ­
l y , i n d i c a t e d two i s o s b e s t i c p o i n t s a t 235 and 2 8 1 mu.
 0 T h i s i n d i c a t e d 
t h a t one d i s s o c i a t i n g g r o u p was i n v o l v e d w i t h t h e chromophore ( 5 , 7 ) . 
E v a l u a t i o n o f t h e s p e c t r a showed t h a t t h e d i s s o c i a t i n g g r o u p has a p_K 
a 
v a l u e o f 1 2 . 4 , w h i c h i n d i c a t e d t h a t t h e g u a n i d i n e g r o u p i s i n v o l v e d i n 
t h e chromophore (5)« C a t a l y t i c h y d r o g e n a t i o n o f v i o m y c i n d i d n o t change 
t h e u l t r a v i o l e t s p e c t r u m . " T h i s showed t h a t t h e chromophore has no e a s i l y 
r e d u c i b l e g r o u p (5)<> 
A p o s i t i v e b i u r e t t e s t and t h e r e s i s t a n c e t o m i l d a c i d h y d r o l y s i s 
X
"
 B K a = - l o g ( H + ) ( A n ) / H A n + 1 ) , where e i t h e r A n o r H A n + 1 can be t h e 
compound i n q u e s t i o n o r t h e compound i n a d i f f e r e n t s t a t e o f 
p r o t o n a t i o n . 
indicated, t h a t viomycin has a pep t ide func t ion ( 4 ) • Hydrolysis of viomy­
cin s u l f a t e wi th 1 N hydroch lo r i c ac id f o r eleven days a t 37° reduced the 
mic rob io log ica l a c t i v i t y to 25 per cent of the o r i g i n a l v a l u e , but did not 
r e l e a s e apprec i ab le amounts of amino acids» 
Viomycin gave p o s i t i v e Sakaguchi and n inhydr in t e s t s , but nega t ive 
B e n e d i c t ' s , F e h l i n g ' s , and mal to l t e s t s ( 1 , 2 , 6 ) 0 These r e s u l t s i n d i c a t e d 
the presence of guanidine and amino groups, but no mal to l - forming func ­
t i o n . The presence of a carbohydrate moiety was a l s o made u n l i k e l y on the 
b a s i s of co lo r t e s t s and f a i l u r e of r e a c t i o n with p e r i o d i c ac id ( 1 , 2 ) . 
H y d r o l y s i s o f v i o m y c i n w i t h b o i l i n g 6 N h y d r o c h l o r i c a c i d o r 6 N 
s u l f u r i c ac id des t royed the u l t r a v i o l e t chromophore and r e l e a s e d amino, 
a c i d s as shown by the da ta in Table 1 ( 4 , 5 ) « The r e l a t i v e amounts of the 
Si 
Table 1 . Evidence fo r the Release of Amino Acids from Viomycin 
by 6 N Hydrochloric Acid Hydro lys i s . 
Ninhydrin Van Slyke Reduction of 
C0 o Amino N Pe r iod ic Acid 
Viomycin 0.0 1*57 0.15 (15 minutes a t pH 4.55) 
Hydrolysate 3°7 5°8 3.0 (10 minutes a t pH 4 . 7 ) 
a . Al l va lues a r e expressed as groups per mole of viomycin 
(assumed molecular weight 688) . 
compounds r e l ea sed a f t e r hyd ro lys i s of viomycin wi th 6 N hydroch lo r i c 
ac id a t 100° f o r s i x and s i x t e e n hours a r e shown in Table 2 . 
Urea and the amino ac ids were separa ted from the guanido'compounds 
in the hydro lysa te by ion exchange t r ea tmen t ( 4 ) . Urea was i s o l a t e d as 
the d ixan thydry l d e r i v a t i v e . L-Serine was i d e n t i f i e d by o p t i c a l r o t a t i o n , 
a n a l y s i s , and by p r e p a r a t i o n of the N-2 ,4 -d in i t ropheny l d e r i v a t i v e [U) <= 
L-a,p-Diaminopropionic a c i d was i d e n t i f i e d as the monohydrochloride s a l t 
by a n a l y s i s , van Slyke amino n i t r o g e n , and n inhydr in carbon d i o x i d e . I t s 
Table 2 . Compounds Released by Acid Hydrolysis of Viomycin 
Compound 16 Hours U) 6 Hours (5) 
Carbon Dioxide 0.88 0.50 
Ammonia 0 . 9 2 b 0 . 7 0 b 
Urea 0 .40° 0 . 7 4 d 
L-a,p-Diaminopropionic Acid O . H e 0.42® 
L-p-Lysine o . u e 0 . 9 0 6 
L-Serine 1 .30 e 
Viomycidine 0 . l 6 e 0 . 2 1 e 
a 0 A l l va lues expressed as moles per mole of viomycin 
(assumed molecular weight 688)= 
bo Ammonia was determined as v o l a t i l e base by a e r a t i o n from 
b a s i c s o l u t i o n i n t o b o r i c a c i d . 
c . Urea was determined by conversion to ammonia by urease 
followed by de te rmina t ion of the r e s u l t i n g ammoniac 
d* Urea was determined by the biacetylmonoxide method of 
Ormsby ( 8 ) . 
e . The amounts of the amino a c i d s were determined by i s o l a t i o n « 
o p t i c a l r o t a t i o n and the o p t i c a l r o t a t i o n of the N,N 1 -d ibenzoyl d e r i v a t i v e 
i n d i c a t e d an L-conf igura t ion (5)» L-^-Lysine was i s o l a t e d and found t o 
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be i d e n t i c a l t© L - 3 , 6 - d i a m i n o h e x a n o i c a c i d ( 4 ) • The m i x t u r e of guanido 
compounds i n the h y d r o l y s a t e was found t o c o n t a i n a major component which 
was i s o l a t e d i n c r y s t a l l i n e form and has been named v i o m y c i d i n e ( 9 ) • 
H y d r o l y s i s of v i o m y c i n w i t h 0 . 4 3 N barium h y d r o x i d e or 0 . 5 N 
l i t h i u m h y d r o x i d e a t 9 5 ° f o r t h r e e days gave ammonia, carbon d i o x i d e , [ 3 -
l y s i n e , s e r i n e , a , p - d i a m i n o p r o p i o n i c and a s u b s t a n c e t h a t was t e n t a t i v e ­
l y i d e n t i f i e d as a l a n i n e » These amino a c i d s components of the h y d r o l y ­
s i s p r o d u c t were i d e n t i f i e d by t w o - d i m e n s i o n a l paper chromatography ( 5 ) . 
H y d r o l y s i s of v i o m y c i n w i t h 6 N h y d r o c h l o r i c a c i d a t room t e m p e r a ­
t u r e r e l e a s e d u r e a , s e r i n e , a n d p - l y s i n e d u r i n g the f i r s t day» P a p e r 
chromatography i n d i c a t e d t h a t the amount of s e r i n e r e l e a s e d i n c r e a s e d up 
t o t e n days and t h e amount of - l y s i n e r e l e a s e d i n c r e a s e d up t o the f o u r t h 
d a y . A f t e r about e l e v e n days a complex p a t t e r n of n i n h y d r i n p o s i t i v e 
s p o t s were observed. . No d i s c r e t e s p o t c o r r e s p o n d i n g t o Q;,(5 - d i a m i n o p r o -
p i o n i c a c i d or t o v i o m y c i d i n e was observed ( 6 ) o 
Viomycin was o x i d i z e d r a p i d l y w i t h p o t a s s i u m permanganate so lut ion« , 
The o x i d a t i o n r e s u l t e d i n the d e s t r u c t i o n of the u l t r a v i o l e t chromophore 
and the consumption of f o u r moles of permanganate per t h r e e moles of v i o ­
mycin (assumed m o l e c u l a r w e i g h t of v i o m y c i n s u l f a t e 7 7 4 ) ° No f r a g m e n t a ­
t i o n of v i o m y c i n took p l a c e and no c a r b o x y l i c a c i d groups were produced 
i n the o x i d a t i o n « Paper chromatography i n d i c a t e d t h a t the 6 N a c i d h y ­
d r o l y s a t e of the o x i d a t i o n p r o d u c t of v i o m y c i n c o n t a i n e d the same com­
pounds as the 6 N a c i d h y d r o l y s a t e of v i o m y c i n s u l f a t e ( 5 ) . 
When the a n t i b i o t i c i n c o l d aqueous a c e t i c a c i d was t r e a t e d w i t h 
ozone and then w i t h hydrogen p e r o x i d e , the u l t r a v i o l e t chromophore was 
a l s o d e s t r o y e d . Papergram a n a l y s i s of t h e o z o n o l y s i s p r o d u c t i n d i c a t e d 
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o n l y 'one n i n h y d r i n - p o s i t i v e compound.. T h i s i n d i c a t e d t h a t t h e s i t e o f 
o x i d a t i o n i s i n a c y c l i c r e s i d u e i n t h e v i o m y c i n m o l e c u l e . H y d r o l y s i s o f 
t h e o z o n o l y s i s p r o d u c t w i t h 6 N h y d r o c h l o r i c a c i d a t 9 5 ° f o r s i x h o u r s r e ­
l e a s e d s e r i n e , ( J - l y s i n e , a , ( 3 - d i a m i n o p r o p i o n i c a c i d , v i o m y c i d i n e , g u a n i d i n e , 
and an unknown g u a n i d i n e compound ( 6 , 1 0 ) . The r e l e a s e o f g u a n i d i n e s u g ­
g e s t e d t h e p r e s e n c e o f an e t h y l e n i c g u a n i d i n e u n i t i n v i o m y c i n ( 5 , 6 ) 0 
The 2 , 4 - d i n i t r o p h e n y l d e r i v a t i v e o f v i o m y c i n was p r e p a r e d and h y -
d r o l y z e d w i t h c o n c e n t r a t e d h y d r o c h l o r i c a c i d a t 9 5 Q i n a p r e s s u r e b o t t l e 
f o r 2 0 h o u r s . The o n l y 2 , 4 - d i n i t r o p h e n y l d e r i v a t i v e o b t a i n e d , f r o m t h e 
h y d r o l y s a t e w a s b i s - 2 , J+-dinitrophenyl-L-p-lysine ( 6 ) . T h i s i n d i c a t e d 
t h a t t h e two f r e e amino g r o u p s o f v i o m y c i n a r e t h o s e o f t h e L - ^ - l y s y l 
r e s i d u e . 
H y d r o l y s i s o f v i o m y c i n w i t h 0 . 1 N h y d r o c h l o r i c a c i d a t 9 5 ° f o r s i x 
h o u r s r e s u l t e d i n t h e d e s t r u c t i o n o f t h e u l t r a v i o l e t chromophore and p r o ­
duced one mole o f u r e a . The r e m a i n i n g p o l y p e p t i d e f r a g m e n t , named d e -
s u r e a v i o m y c i n , was i s o l a t e d and c h a r a c t e r i z e d ( 5 , 6 ) . D e s u r e a v i o m y c i n was 
f o u n d t o have p r o p e r t i e s v e r y s i m i l a r t o t h o s e o f v i o m y c i n . H y d r o l y s i s 
o f d e s u r e a v i o m y c i n w i t h 6 N h y d r o c h l o r i c a c i d a t 9 5 ° f o r s i x h o u r s gave 
a l l t h e components o f v i o m y c i n h y d r o l y s a t e e x c e p t u r e a . H y d r a z i n o l y s i s 
o f d e s u r e a v i o m y c i n i n d i c a t e d t h e p o l y p e p t i d e had a f r e e s e r y l c a r b o x y l 
g r o u p ( 6 ) . H y d r o l y s i s o f b i s - 2 , 4 - d i n i t r o p h e n y l d e s u r e a v i o m y c i n u n d e r t h e 
same c o n d i t i o n u s e d f o r h y d r o l y s i s o f b i s - 2 , 4 - d i n i t r o p h e n y l v i o m y c i n gave 
b i s - 2 , 4 - d i n i t r © p h e n y l - L - p - l y s i n e as t h e o n l y 2 , 4 - d i n i t r o p h e n y l d e r i v a - -
t i v e o T h i s showed t h a t no p r i m a r y amine g r o u p s a r e r e l e a s e d i n t h e h y ­
d r o l y s i s o f v i o m y c i n t o d e s u r e a v i o m y c i n ( 6 ) b 
When d e s u r e a v i o m y c i n was t r e a t e d w i t h t h e enzyme c a r b o x y p e p t i d a s e 
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a t pH 7 f o r two d a y s , s e r i n e was r e l e a s e d and t h e o t h e r p r o d u c t o f t h e 
h y d r o l y s i s , named v i o m y c i n i c a c i d , was i s o l a t e d and c h a r a c t e r i z e d ( 6 ) . 
V i o m y c i n i c a c i d was f o u n d t o be u n a f f e c t e d by c a r b o x y p e p t i d a s e . P r e p ­
a r a t i o n and h y d r o l y s i s o f b i s - 2 , 4 - d i n i t r o p h e n y l v i o m y c i n i c a c i d showed 
t h a t o n l y t h e amino g r o u p s o f t h e L - p - l y s y l r e s i d u e were f r e e . A c i d 
h y d r o l y s i s o f v i o m y c i n i c a c i d gave a l l t h e components o f v i o m y c i n h y ­
d r o l y s a t e w i t h t h e e x c e p t i o n o f u r e a ( 6 ) . H y d r a z i n o l y s i s o f v i o m y c i n i c 
a c i d i n d i c a t e d t h a t t h e c a r b o x y l g r o u p o f a s e r y l r e s i d u e was f r e e . 
These d a t a i n d i c a t e d p a r t i a l s t r u c t u r e I f o r v i o m y c i n i c a c i d , 
p a r t i a l s t r u c t u r e I I f o r d e s u r e a v i o m y c i n , and p a r t i a l s t r u c t u r e I I I f o r 
v i o m y c i n ( 6 ) . 
0 
NH-CH-C-NH-CH-COOH 
CHgO CH 20H 
I I 
H O H O H O 
! I I I I t t I t 
N-CH-C-N-CH-C-N-C-NH, 
CH o0 CH o0H 2 \ 2 
I I I 
I n e a r l y w o r k , H a s k e l l ( 4 ) and h i s c o w o r k e r s s u g g e s t e d an e m p i r i c a l 
f o r m u l a C ^ H . N Q 0 ^ . 3 / 2 H SO (mol e c u l a r w e i g h t , 6 5 0 . 6 5 ) f o r v i o m y c i n s u l f a t e 
-NH-CH-C00H 
i H 2°v 
I 
V i o m y c i d i n e , 
a , p - d i a m i n o p r o p i o n i c 
a c i d , c a r b o n d i o x i d e , 
and ammonia 
0 - C H 2 - C H - C H 2 - C H 2 - C H 2 
NH, NH, 
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based on e lementa l a n a l y s e s . La te r , us ing a d iaphragm-ce l l d i f fu s ion 
technique , Mason (5) determined the molecular weight of viomycin s u l ­
f a t e to be 772 and ass igned the molecular formula ^ ^ H ^ N - ^ O - ^ .3 /2 ^ 2 ^ 4 
(molecular weight 836) . However, Mason and l a t e r Kellogg (6) noted t h a t 
the a d d i t i o n of the formulas of the known hydro lys i s fragments gave only 
20 carbon atoms. The a d d i t i o n gives the fo l lowing r e s u l t . 
Serine C ^ N . 0^ 
p-Lysine C 6 H 1 4 N 2 ° 2 
ajP-Diaminopropionic Acid C^HgN^O^ 
Viomycidine ^6H10N4^2 
Urea C H ^ O 
Carbon Dioxide C 0^ 
Ammonia H^N 
C 20 H 46 N 12 G 12 
Sub t r ac t ion of f i ve moles of water , one fo r each carboxyl group and one 
f o r carbon dioxide gives ^20^36^12^7 ^ 2 ^ 4 ^ Q r m u - ' - a molecular 
weight , 703°73)« The i s o l a t i o n of an excess of one mole of s e r i ne from 
the hydro lysa te of viomycin and the de te rmina t ion of a s e r y l s e r y l l inkage 
i n d i c a t e d t h a t viomycin has two s e r i n e r e s i d u e s ( 5 - 7 ) . If a second s e r i n e 
fragment i s added, l e s s a molecule of water , C 0 0H,-,N n o 0 n . 3 / 2 H oS0, 
« 41 1 ; 7 <• 4 
(formula I I , molecular weight , 790.81) r e s u l t s . Doubt has e x i s t e d as to 
the o r i g i n of the ammonia t h a t i s observed in viomycin hydro lysa te because 
a n a l y t i c a l data a r e in b e t t e r agreement i f the formula has one l e s s n i t r o ­
gen atom. The ammonia observed could a r i s e by p a r t i a l a c i d - c a t a l y z e d 
decomposition of the observed hydro lys i s p r o d u c t s . If ammonia i s an a r t i ­
f a c t in the hyd ro ly sa t e , the formula ^ 2 3 ^ 3 8 ^ 1 2 ^ 9 ^ 2 ^ 4 ( f o r m u l a m > 
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m o l e c u l a r w e i g h t , 113.11) f o r v i o m y c i n s u l f a t e r e s u l t s ( 5 , 6 ) . 
A n a l y t i c a l r e s u l t s f o r c a r b o n , h y d r o g e n , n i t r o g e n , and s u l f u r t h a t 
have been r e p o r t e d f o r v i o m y c i n s u l f a t e and t h e c a l c u l a t e d v a l u e s f o r t h e 
t h r e e s u g g e s t e d m o l e c u l a r f o r m u l a s a r e shown i n T a b l e 3« The r a t i o o f 
c a r b o n t o n i t r o g e n a l s o i s g i v e n i n T a b l e 3 s i n c e t h i s v a l u e i s i n d e p e n ­
d e n t o f t h e d r y n e s s o f t h e sample and t h e s t o i c h i o m e t r y o f t h e s u l f a t e 
s a l t . -
T a b l e 3* Per Cent C o m p o s i t i o n o f V i o m y c i n S u l f a t e . 
C H N S C / N 
F o r m u l a I 
( C 2 O H 3 6 N 1 2 0 7 - 3 / 2 W 
3 4 - H 5 .58 2 3 . 8 9 6 .83 1 . 4 4 
F o r m u l a I I 
( C 2 3 H a N 1 3 0 9 . 3 / 2 H 2 S0 A ) 
3 4 - 9 2 5 . 6 1 23-03 6 . 0 8 1 .52 
F o r m u l a I I I 
( C 2 3 H 3 8 N 1 2 0 9 . 3 / 2 H 2 S Q j i ) 
3 5 . 7 0 5 . 3 4 2 1 . 7 2 6 . 2 2 1 .70 
R e p o r t e d ( l ) 3 7 . 1 9 5 .86 2 0 . 6 1 5 . 8 8 a 1.80 
R e p o r t e d ( 2 ) 35 -83 5 .77 2 1 . 0 8 5 . 3 4 1 .70 
R e p o r t e d ( 4 ) 3 5 . 8 9 5-52 2 1 . 1 5 5 .79 1 .70 
R e p o r t e d (5 ) 3 4 - 2 2 b 5 . 7 3 b 2 1 . 8 5 b 4 . 7 3 b 1 . 5 6 b 
R e p o r t e d (6 ) 3 5 . 0 1 6 . 1 9 2 1 . 0 1 5 .73 1 .67 
A v e r a g e o f Found 3 5 . 7 1 5 .83 2 1 . 1 9 5 . 5 1 1 .69 
a . D e t e r m i n e d as s u l f a t e . 
b . Not c o r r e c t e d f o r r e s i d u e a f t e r i g n i t i o n ( 1 . 2 5 p e r c e n t ) . 
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The v a l u e s f o r t h e t h r e e c o r r e s p o n d i n g f o r m u l a s - f o r d e s u r e a v i o m y c i n 
s u l f a t e ( l a , I l a , and I l i a ) a r e g i v e n i n T a b l e 4 . 
T a b l e 4 . Per" Sent C o m p o s i t i o n o f D e s u r e a v i o m y c i n S u l f a t e . 
C H N . S C/N 
F o r m u l a I a 3 4 . 4 8 $ . 6 3 2 1 . 1 7 7 . 2 7 1 . 6 3 
( C 1 9 H 3 ^ N 1 0 0 ? . 3 / 2 H 2 S0^ , M.W., 6 6 1 . 5 8 ) 
F o r m u l a I l a 3 5 - 2 9 5 . 6 5 2 0 . 5 8 6 . 4 2 1 . 7 1 
( C 2 2 h 3 9 N i i V 3 / 2 H 2 S V M , W , j > 7^8 , 7 6^ 
F o r m u l a I l i a 3 6 . 1 1 5-37 1 9 . 1 4 6 . 5 7 1 .89 
( C 2 2 H 3 6 N 1 0 © 9 . 3 / 2 H 2 S0^ , M.W., 7 3 1 . 7 3 ) 
R e p o r t e d ( 6 ) 3 7 . 2 1 5-50 1 8 . 6 7 5 .63 1 - 9 9 
- The v a l u e s f o r t h e t h r e e f o r m u l a s ( l b , l i b , and I l l b ) s u g g e s t e d 
f o r v i o m y c i n i c a c i d s u l f a t e a r e g i v e n i n T a b l e 5 . 
T a b l e 5» Per Cent C o m p o s i t i o n o f V i o m y c i n i c A c i d S u l f a t e . 
C H N S C/N 
F o r m u l a l b 3 3 - 4 5 5 - 6 l 2 1 . 9 4 8 .37 1-52 
( C l 6 H 2 9 N 9 0 $ . 3 / 2 H 2 S0^ , M.W., 574 -60 ) 
F o r m u l a l i b 3 4 « 4 9 5 . 6 4 2 1 . 1 7 7 . 2 7 1 . 6 3 
( C 1 9 H 3 ^ N 1 0 0 ? . 3 / 2 H 2 s 0 ^ , M.W., 6 6 1 . 6 8 ) 
F o r m u l a I l l b 3 5 - 4 0 5 - 3 2 1 9 - 5 6 7 . 4 6 1 . 8 1 
( C 1 9 H 3 1 N 9 © 7 . 3 / 2 H 2 s 0 ^ , M.W., 644.65) 
R e p o r t e d (6 ) 3 5 - 6 8 5 - 5 4 2 1 . 6 4 7 - 0 5 1 - 6 5 
1 1 
V i o m y c i d i n e 
The a c i d h y d r o l y s a t e o f v i o m y c i n was f o u n d t o c o n t a i n a m i x t u r e 
o f s t r o n g l y b a s i c compounds t h a t gave p o s i t i v e S a k a g u c h i t e s t s ( 4 , 5 ) . 
These b a s i c compounds were s e p a r a t e d f r o m t h e o t h e r h y d r o l y s i s p r o d u c t s 
by i o n - e x c h a n g e t r e a t m e n t - A f t e r ammonia was removed, t h e b a s i c f r a c ­
t i o n was p u r i f i e d by c a r b o n c h r o m a t o g r a p h y . A c r y s t a l l i n e compound t h a t 
was named v i o m y c i d i n e was o b t a i n e d ( 9 ) • V i o m y c i d i n e was a s s i g n e d t h e 
f o r m u l a C^H-^QN^O^ en t h e b a s i s o f a n a l y s i s o f i t s m o n o h y d r o c h l o r i d e s a l t 
( 9 ) ' The c r y s t a l l i n e m o n o h y d r o c h l o r i d e m e l t e d w i t h d e c o m p o s i t i o n a t 
2 0 0 - 2 0 8 ° and was o p t i c a l l y a c t i v e . The s p e c i f i c r o t a t i o n v a r i e d w i t h p_H. 
I t was - 2 1 . 2 ° i n 2 N h y d r o c h l o r i c a c i d , - 8 3 . 2 ° i n w a t e r , and - 1 5 5 ° 8 ° i n 
1 N s o d i u m h y d r o x i d e ( 9 ) « P r e p a r a t i o n o f t h e 2 , 4 - d i n i t r o p h e n y l d e r i v a ­
t i v e o f v i o m y c i d i n e gave a y e l l o w c r y s t a l l i n e compound t h a t m e l t e d a t 
1 7 1 . 5 - 1 7 2 . 6 ° w i t h d e c o m p o s i t i o n . E l e m e n t a l a n a l y s i s gave a f o r m u l a o f 
^ 1 2 ^ 1 2 ^ 6 ^ 6 * ^ 2 ^ ^ 0 r ^ i s d e r i v a t i v e . T h i s d e r i v a t i v e gave a p i n k c o l o r 
w i t h t h e Weber r e a g e n t b u t a n e g a t i v e t e s t w i t h t h e n i n h y d r i n r e a g e n t . 
The a c e t y l d e r i v a t i v e , p r e p a r e d u s i n g aqueous e t h a n o l i c a c e t i c a n h y d r i d e , 
was a w h i t e c r y s t a l l i n e s o l i d t h a t m e l t e d a t 2 5 6 - 2 5 7 ° w i t h d e c o m p o s i t i o n . 
The d e r i v a t i v e had an o p t i c a l r o t a t i o n o f + 4 1 ° i n w a t e r and an e m p i r i c a l 
f o r m u l a o f CgH-^N^O^ ( l l ) • The compound gave an orange c o l o r w i t h t h e 
Weber r e a g e n t b u t n e g a t i v e t e s t s w i t h t h e n i n h y d r i n , o - a m i n o b e n z a l d e h y d e , 
S a k a g u c h i , and B e n e d i c t - B e h r e r e a g e n t s ( l l ) . 
V i o m y c i d i n e has no N - m e t h y l , 0 - m e t h y l , C - m e t h y l o r p r i m a r y amino 
g r o u p s . I t has pK v a l u e s o f 2 . 8 , 5 . 8 7 , and 1 3 . 4 i n 66 p e r c e n t N , N -
a 
d i m e t h y l f o r m a m i d e and 5*50 and 1 2 . 6 i n w a t e r ( 9 ) . The c a r b o x y l i c a c i d 
f u n c t i o n was t o o s t r o n g t o be a c c u r a t e l y d e t e r m i n e d i n w a t e r by t h e method 
1 2 
used but was es t imated to be 1 . 3 ( l l ) . The pK va lue 1 2 . 6 in water and 
1
 a 
1 3 . 4 in 6 6 pe r cent dimethyIfonnamide i s c o n s i s t e n t wi th the presence of , 
a guanidine group. The group whose pK value i s 5 - 5 0 i n water has a d i f -
a 
f e r e n t i a l u l t r a v i o l e t spectrum. A de te rmina t ion us ing pH 9 « 8 0 i n one c e l l 
and pH 3 . 8 2 in the o the r shows t h a t the weakly b a s i c group absorbs a t 2 1 2 
mu. and has an e x t i n c t i o n c o e f f i c i e n t of 2 , 5 3 0 . This i n d i c a t e d a t e r t i a r y 
amino group. A de te rmina t ion a t pH 9 ve r sus pH 1 3 « 1 shows X 2 2 2 mu, 
max 
e 1 6 9 0 ( 9 , 1 1 , 1 2 ) . 
Viomycidine gave a pink co lo r wi th the Sakaguchi- reagent , a r e s u l t 
i n d i c a t i v e o f a m o n o s u b s t i t u t e d g u a n i d i n e g r o u p , a n d a p i n k - p u r p l e c o l o r 
with the n inhydr in r e a g e n t . I t gave a nega t ive r e s u l t wi th To.l len's r e ­
agent and no co lor change was produced with the Benedict-Behre r e a g e n t . 
When heated under the condi t ions f o r the t r ans format ion of c r e a t i n e i n t o 
c r e a t i n i n e , i t did not give a p o s i t i v e t e s t wi th Benedict-Behre reagent 
but s t i l l gave a p o s i t i v e t e s t wi th the Sakaguchi r e a g e n t . This showed 
t h a t no c y c l i z a t i o n to the c r e a t i n i n e - t y p e l inkage had occur red . The 
compound gave a nega t ive f e r r i c ch lo r ide t e s t , which i n d i c a t e d the absence 
of an eno l i c group ( 9 ) « 
The in f r a r ed spectrum of viomycidine hydrochlor ide showed a l a r g e 
number of a b s o r p t i o n s . The' only abso rp t ions which were s t r u c t u r a l l y 
c h a r a c t e r i z e d were those f o r N-H s t r e t c h i n g , C=N s t r e t c h i n g , C-H s t r e t c h ­
ing , CEp deformation, and carboxyla te anion v i b r a t i o n s ( 9 ) • 
The formula of viomycidine i n d i c a t e d four r i ngs and /o r double 
bonds. The carboxyl ic ac id and guanidine groups account f o r two double 
bonds and the f a c t t h a t viomycidine absorbed one mole of hydrogen in the 
presence of pla t inum and a c e t i c ac id i n d i c a t e d t h a t viomycidine has a 
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c y c l i c s t r u c t u r e and one double bond ( 9 , 1 1 ) . 
Viomycidine gave a yellow co lo r when t r e a t e d with the o-aminobenz-
aldehyde reagen t , a t y p i c a l t e s t fo r imines and A 1 - p y r r o l i n e s . This s t r u c ­
t u r a l u n i t would account fo r the r i n g , the double bond, the t e r t i a r y amino 
( c y c l i c imine) group, and the weakly b a s i c group of viomycidine ( l l ) . , 
When viomycidine was heated with concent ra ted hydroch lo r i c ac id 
fo r s i x days i t was p a r t i a l l y converted i n t o a t l e a s t f i v e o the r n inhydr in ^ 
p o s i t i v e compounds, some of which gave p o s i t i v e Weber r e a c t i o n s . An a p p r e ­
c i a b l e amount of viomycidine remained a f t e r t h i s l ength of time ( 9 ) . This 
might account f o r the low y i e l d of viomycidine and the occurrence of o t h e r 
minor guanido compounds produced in the hyd ro ly s i s of viomycin. The o t h ­
e r guanido compounds obta ined from the ac id hyd ro lys i s of viomycin have 
not been i s o l a t e d in pure form. 
Oxidat ion of viomycidine with n i t r i c ac id gave guan id ine . No o the r 
Weber or n inhydr in p o s i t i v e spots appeared on the papergram. Oxidat ion 
wi th hot a c i d i c potassium permanganate gave a number of compounds, none 
of which could be i s o l a t e d or i d e n t i f i e d ( l l ) . 
When ace ty lv iomycidine was t r e a t e d with ozone followed by hydro­
gen peroxide and a c i d , the product obta ined cons i s t ed of a mixture of four 
n inhydr in - and Weber-posi t ive subs tances , but showed no viomycidine by 
paper chromatography. Since viomycidine i s reasonably s t a b l e to ac id 
(9 ) , and carboxyl and guanidine groups a r e not a t t a cked by ozone, the a b ­
sence of viomycidine from the product i n d i c a t e d t h a t a c e t y l v iomycidine, 
and hence viomycidine, has a double bond ( l l ) . 
Barium hydroxide hydro lys i s of viomycidine a t 95° f o r 77 hours 
r e s u l t e d in the evo lu t ion of 2 .71 moles of ammonia and the formation of 
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0.4$ moles of barium carbonate (l3)° Pyrrole -2 -carboxyl ic ac id was a l s o 
i s o l a t e d from the hydro lysa te and i d e n t i f i e d . This r e s u l t showed t h a t 
viomycidine has f i v e carbon atoms in a s t r a i g h t chain with the carboxyl ic 
ac id group a t one end of t h a t chain ( l l ) . 
When viomycidine was hydrolyzed wi th hot concent ra ted sodium hy­
droxide a t 100°, 2-aminopyrimidine, g l y c i n e , and pyrro le -2 -carboxyl ic 
ac id were obta ined and i d e n t i f i e d ( l l , 1 3 ) . 
The nuc lea r magnetic resonance spectrum of viomycidine hydrochlo­
r i d e in deuterium oxide s o l u t i o n revea led abso rp t ion a t 7.43 T (two p r o ­
tons, triplet, J = 2.1 c p s ) , at 5.38 T (two protons, closely spaced mul­
t i p l e t ) , and a t 4.37 T (one pro ton , t r i p l e t , J = 2.2 cps) ( l l , l4). The 
spectrum in t r i f l u o r o a c e t i c ac id s o l u t i o n revealed the same proton r a t i o 
(2:2:1) fo r the hydrogens bonded to carbon. In a d d i t i o n , t h r e e more a b ­
so rp t i on peaks were observed a t 3.00 T (two p r o t o n s ) , 1.98 T (one p r o ­
ton) and I.48 T (one p r o t o n ) ; none of these peaks was s p l i t ( l l ) . 
On the b a s i s of the phys ica l and chemical data mentioned above, 
two p o s s i b l e s t r u c t u r e s were suggested r f o r viomycidine, 4-guanido-A 1-
p y r r o l i n e - 5 - c a r b o x y l i c ac id (IV), and 3-guanido-A 1 -pyr ro l ine -2 -carboxyl ic 
ac id (V) ( l l ) . S t r u c t u r e IV was r e j e c t e d because of the absence of a low-
f i e l d proton in the nuc lea r magnetic resonance spectrum of v iomycidine . 
To es t ima te the abso rp t ion p o s i t i o n s of the protons of viomycidine, the 
15 
n u c l e a r m a g n e t i c r e s o n a n c e s p e c t r a o f v a r i o u s model compounds were u s e d . 
The e s t i m a t e s o f t h e a b s o r p t i o n p o s i t i o n s f o r s t r u c t u r e V gave b e t t e r com­
p a r i s o n s w i t h t h e o b s e r v e d v a l u e t h a n t h e e s t i m a t e s f o r s t r u c t u r e I V . On 
t h e b a s i s o f t h e s e r e s u l t s s t r u c t u r e V was s u g g e s t e d as t h e s t r u c t u r e o f 
v i o m y c i d i n e ( l l ) . 
I n a r e c e n t p a p e r , A . W. J o h n s o n (15 ) r e p o r t e d t h e i s o l a t i o n o f a 
d i p e p t i d e f r o m t h e a c i d h y d r o l y s a t e o f v i o m y c i n . The d i p e p t i d e has an u l ­
t r a v i o l e t s p e c t r u m s i m i l a r t o t h a t o f v i o m y c i n (an a b s o r p t i o n a t 275 mu 
(e 5100) a t pH 1 and a t 295 mu (e 3600) a t pH 1 0 ) . I t gave p o s i t i v e n i n ­
h y d r i n and S a k a g u c h i r e a c t i o n s , had pK v a l u e s o f 9 - 9 and 1 1 . 2 and was n o t
 r 
a 
h y d r o g e n a t e d i n t h e p r e s e n c e o f p a l l a d i u m o r c a r b o n . H y d r o l y s i s o f t h e d i ­
p e p t i d e w i t h b o i l i n g c o n c e n t r a t e d h y d r o c h l o r i c a c i d gave a a , ( 3 - d i a m i n o p r o -
p i o n i c a c i d and v i o m y c i d i n e i n a l s l m o l a r r a t i o n . T r e a t m e n t o f t h e d i ­
p e p t i d e w i t h 2 , 4 - d i n i t r o f l u o r o b e n z e n e gave a 2 , 4 - d i n i t r o p h e n y l d e r i v a t i v e 
w h i c h on h y d r o l y s i s gave a , p - b i s - 2 , 4 - d i n i t r o p h e n y l a m i n o p r o p i o n i c a c i d . 
O x i d a t i o n o f t h e d i p e p t i d e w i t h d i l u t e aqueous permanganate gave g u a n i d i n e 
and a new p e p t i d e w h i c h upon h y d r o l y s i s gave a , ^ - d i a m i n o p r o p i o n i c a c i d . 
I n a p r e v i o u s r e p o r t f r o m t h i s l a b o r a t o r y s t r u c t u r e V was s u g g e s t ­
ed f o r v i o m y c i d i n e ( l 6 ) . J o h n s o n a c c e p t e d t h i s p r o p o s e d s t r u c t u r e and 
w i t h t h e above d a t a he p o s t u l a t e d s t r u c t u r e V I f o r h i s d i p e p t i d e . 
C—0 
C H - C H 2 
NH 2 NH 2 
V I 
1 6 
On the b a s i s of the s i m i l a r i t y of the u l t r a v i o l e t s p e c t r a l data of. 
viomycin and the d i p e p t i d e , Johnson a l s o suggested t h a t viomycidine i s 
p r e sen t in the a n t i b i o t i c as the c y c l i c s t r u c t u r e VII , a d e r i v a t i v e of 
6 ,7 -d ihydro-5H-pyrro lo [ .3 ,2 -d]pyr imidine ( l5)° 
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C H A P T E R I I 
E X P E R I M E N T A L 
A P P A R A T U S A N D T E C H N I Q U E S 
I O N E X C H A N G E R E S I N S U S E D I N T H I S W O R K W E R E R E G E N E R A T E D A N D U S E D 
A S D E S C R I B E D P R E V I O U S L Y (9)« T H E F O L L O W I N G A B B R E V I A T I O N S A R E U S E D : 
I R - 4 - 5 ( O H " ) A N D I R - 4 - 5 ( C L ~ ) F O R A M B E R L I T E A N I O N E X C H A N G E R E S I N 4-5 I N T H E 
H Y D R O X Y L A N D T H E C H L O R I D E P H A S E , R E S P E C T I V E L Y , I R - 4 - 0 0 ( 0 H ) F O R A M B E R L I T E 
A N I O N E X C H A N G E R E S I N 4 . 0 0 I N T H E H Y D R O X Y L P H A S E , A N D I R C - 5 0 ( H + ) F O R A M ­
B E R L I T E C A T I O N E X C H A N G E R E S I N $ 0 I N T H E H Y D R O G E N P H A S E . W H E N T H E I O N 
E X C H A N G E R E S I N S W E R E U S E D I N C O L U M N S , A M I N I M U M O F A S I X - F O L D E X C E S S O F 
R E S I N W A S U S E D . W H E N R E S I N S W E R E U S E D I N B A T C H E S , T H E S A M P L E W A S E L U T E D 
B Y W A S H I N G T H E R E S I N W I T H A B O U T F I V E T I M E S A S M U C H W A T E R A S T H E V O L U M E 
O F T H E R E S I N U S E D . W H E N T H E R E S I N S W E R E U S E D I N C O L U M N S , T H E S A M P L E W A S 
E L U T E D W I T H A T L E A S T T W O - C O L U M N V O L U M E S O F W A T E R . 
A P P A R A T U S A N D T E C H N I Q U E S U S E D I N P A P E R C H R O M A T O G R A P H Y I N C L U D E 
T H O S E P R E V I O U S L Y D E S C R I B E D (9 ) . I N A D D I T I O N , D E S C E N D I N G C H R O M A T O G R A P H Y 
W A S C A R R I E D O U T B Y P L A C I N G T H E S O L V E N T I N A G L A S S D I S H O N A T R I P O D . T H E 
P A P E R G R A M W A S S U P P O R T E D B Y P L A C I N G A H E A V Y G L A S S R O D O R A F L A S K F U L L O F 
W A T E R O N I T S U P P E R E N D I N T H E M I D D L E O F T H E G L A S S D I S H . T H E P A P E R G R A M 
W A S A L L O W E D T O H A N G D O W N T H E S I D E O F T H E D I S H O V E R A G L A S S B E A K E R R E C E I V E R . 
T H E T R I P O D W A S P L A C E D O N A G L A S S P L A T E A N D C O V E R E D W I T H A B E L L J A R T O P R O ­
V I D E A N A T M O S P H E R E S A T U R A T E D W I T H T H E S O L V E N T V A P O R . T H E S O L V E N T S Y S T E M S 
W H I C H W E R E E M P L O Y E D A N D T H E I R A B B R E V I A T I O N S A R E : T - B U T Y L A L C O H O L - A C E T I C 
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A C I D - W A T E R 2 : 1 : 1 ( V / V ) ( B A W ) , N - P R O P Y L A L C O H O L - A C E T I C A C I D - W A T E R 1 0 : 1 : 9 
( V / V ) ( P A W ) , P H E N O L - W A T E R 4 : 1 ( V / V ) ( P W ) , N - B U T Y L A L C O H O L - A C E T I C A C I D -
W A T E R 5 : 4 : 1 ( V / V ) ( N - B A W ) , W A T E R , A N D I S O B U T Y R I C A C I D . S P R A Y R E A G E N T S 
W H I C H W E R E M O S T F R E Q U E N T L Y U S E D W E R E N I N H Y D R I N , " W E B E R , A N D E R H L I C H . 
T H E I R P R E P A R A T I O N A N D I N T E R P R E T A T I O N O F R E S U L T S A R E A S G I V E N P R E V I O U S ­
L Y ( 1 7 , 1 8 ) . 
T H I N L A Y E R C H R O M A T O G R A P H Y ( T L C ) W A S U S E D D U R I N G T H I S W O R K . T H E A B -
S O R B A N T U S E D W A S S I L I C A G E L G P R E P A R E D O N G L A S S P L A T E S 20 C M . X 20 C M . , 
2 0 C M . X 1 0 C M . , A N D 2 0 C M . X 5 C M . I N S I Z E A C C O R D I N G T O T H E D I R E C T I O N S 
O F S T A H L u s i n g a S T A H L s p r e a d e r ( M o d e l S ) ( 1 9 ) • A 0 . 2 5 mm. T H I C K p l a t e 
W A S U S E D I N Q U A L I T A T I V E A N A L Y S I S A N D A 1 M M . T H I C K P L A T E I N P R E P A R A T I V E 
W O R K . F O R P R E P A R A T I V E W O R K , T H E S A M P L E W A S A P P L I E D , U S I N G A S Y R I N G E , I N 
A S T R E A K A L O N G T H E W I D T H O F T H E P L A T E A B O U T 3 C M . F R O M T H E B O T T O M . A B O U T 
2 M G . O F S U B S T A N C E P E R 1 C M . P L A T E W I D T H W A S U S E D . A F T E R D E V E L O P M E N T I N 
T H E A P P R O P R I A T E S O L V E N T A N D D R Y I N G , T H E B A N D S W E R E C O L L E C T E D , U S I N G A 
M I C R O V A C U U M C L E A N E R ( 1 9 ) . T H E S O L V E N T S Y S T E M S W H I C H W E R E U S E D F O R T L C A R E : 
T - B U T Y L A L C O H O L - M E T H A N O L - 3 N A M M O N I A 3 : 1 : 1 ( V / V ) ( B M A ) , T - B U T Y L A L C O H O L - 5 
N A M M O N I A ( V / V ) ( B A ) , M E T H A N O L - 4 N A M M O N I A 4 : 1 ( V / V ) ( M A ) , B A W , P A W , E T H Y L 
A C E T A T E , N - B U T A N O L , M E T H A N O L , A N D E T H A N O L . N I N H Y D R I N A N D N E S S L E R ' S R E A ­
G E N T S W E R E U S E D R O U T I N E L Y F O R C O L O R T E S T S . T H E N I N H Y D R I N R E A G E N T W A S T H E 
S A M E A S T H E S P R A Y R E A G E N T U S E D I N P A P E R , C H R O M A T O G R A P H Y A N D I T S U S E H A S 
B E E N P R E V I O U S L Y D E S C R I B E D ( 9 ) . T H E N E S S L E R ' S R E A G E N T W A S P R E P A R E D A N D 
U S E D T O D E T E C T A M M O N I A A S D E S C R I B E D P R E V I O U S L Y ( 9 ) . - \ v * y V 
P R E T R E A T E D (3% O L E I C A C I D ) D A R C O G - 6 0 ( A T L A S P O W D E R C O M P A N Y ) W A S 
P R E P A R E D A N D M I X E D W I T H A C I D - W A S H E D C E L I T E ( J O H N S - M A N V I L L E C O R P O R A T I O N ) 
A S D E S C R I B E D P R E V I O U S L Y (9 ) . T H E C A R B O N C O L U M N S S O P R E P A R E D W E R E W A S H E D 
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wi th water u n t i l the wash water gave a nega t ive t e s t fo r a l c o h o l wi th the 
e e r i e n i t r a t e reagent (20) . About 100 g. of c h a r c o a l - c e l i t e mixture was 
used per gram of sample and the columns were prepared as desc r ibed p r e ­
v ious ly (9) • 
Al l mel t ing po in t s were determined, us ing a Kofler micro hot s t a g e . 
Op t i ca l r o t a t i o n s were determined us ing a Bellingham and Stanley Model 
No. 397619 polar imeter* the sodium D l i n e was used as a l i g h t sou rce . 
A l l u l t r a v i o l e t spec t r a were determined us ing a Cary Model 14 record ing 
spec t rophotometer . A PerkIn Elmer Model 137 record ing spect rophotometer 
was used to ob ta in i n f r a r e d s p e c t r a . Potassium bromide p e l l e t s were p r e ­
pared by g r ind ing about 1.0 mg. of the sample in about 140 mg. of p o t a s ­
sium bromide; the p e l l e t was prepared a t 2500 p s i g . 
A Varian Model A-60 spec t rometer was used to ob ta in nuc lea r mag­
n e t i c resonance s p e c t r a . The fol lowing re fe rence compounds and t h e i r 
a b b r e v i a t i o n s a r e used: t e t r a m e t h y l s i l a n e i n t e r n a l s tandard (TMS), t e t r a -
methy l s i l ane (5% in carbon t e t r a c h l o r i d e ) e x t e r n a l (TMS, e x t e r n a l s t a n d ­
a r d ) , and sodium 2 , 2 - d i m e t h y l - 2 - s i l a p e n t a n e - 5 - s u l f o n a t e (DSS). 
A Research S p e c i a l t i e s Company Model 1205 f r a c t i o n c o l l e c t o r was 
used in a l l column chromatographic s e p a r a t i o n s . Microanalyses were p e r ­
formed by Galbra i th Labora to r i e s (Knoxvi l le , Tennessee) , Huffman Labora­
t o r i e s (Wheatridge, Colorado) , and A. Bernhardt Mic roana ly t i ca l Labora­
to ry (Mulheim, West Germany). 
A Welsbach Model T-23 ozone gene ra to r was used in a l l ozoholyses . 
Ozone was generated a t 120 v o l t s and a p r e s su re of 6 p s i g . 
Unless o therwise i n d i c a t e d , hydrogenat ions were c a r r i e d out in a 
Pa r r p res su re r e a c t i o n a p p a r a t u s . Evaporat ions were c a r r i e d out under 
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reduced, p r e s su re us ing a r o t a t i n g evapora to r . ' 
4 - N i t r o - 2 , 6 - d i o x a t e t r a h y d r o t h i a p y r a n - l - o x i d e 
2-Ni t r©-1 ,3-propanedio l was prepared according to the method of 
Den O t t e r ( 2 l ) . The product had m.p. 53-54° ( c o r r . ) [ l i t . (2 l ) m.p. 5 4 ° ] . 
To a suspension of 6.0 g. (49 • 5 mmole) of 2 - n i t r o - l , 3 - p r o p a n e d i o l 
i n 100 ml= of benzene was added 2 4 . 0 g. (200 mmole) of t h i o n y l c h l o r i d e . 
The r e a c t i o n mixture was bo i l ed under r e f l u x fo r 20 h r . and then evap­
ora ted to dryness in vacuo a t 35-40° . The l i g h t brown s o l i d r e s idue was 
r e c r y s t a l l i z e d from a mixture of benzene and petroleum e t h e r . The tan 
needles obta ined weighed 6.30 g. (76%) and showed m.p. 97-99° ( c o r r . ) . 
The a n a l y t i c a l sample was prepared by three , a d d i t i o n a l r e c r y s t a l l i z a t i o n s 
from benzene-petroleum e t h e r . The sample had m.p. 99-100° ( c o r r . ) . 
Anal . Cyi^NO^S Ca lc ' d : C, 21 .56; H, 3.02;- N, 8 .38; S, 19.18 
(167.15) Found : C, 22.22; H, 3-54; N, 8 .58; S, 19-71 
The i n f r a r ed spectrum of the compound, in chloroform s o l u t i o n , 
showed, among o t h e r s , absorp t ions a t 6 . 4 O , 7 . 4 I , 8 . 5 2 , ' a n d 9-18 u- The 
n . m . r . spectrum of 4 - n i t r © - 2 , 6 - d i o x a t e t r a h y d r o t h i a p y r a n - l - o x i d e in deu-
t e r i o a c e t o n e (TMS) (c , 30%) showed a complex s e r i e s of abso rp t ions b e ­
tween 4*50 and 5«40 T . 
2-Acetamido- l ,3-propanedio l 
To a s o l u t i o n of 10.0 g= (82-5 mmole) of 2 - n i t r o - l , 3 - p r o p a n e d i o l 
i n 60 ml. of 95% e thano l was added 3.0 g. of 5% plat inum on carbon c a t a ­
l y s t . The mixture was hydrogenated a t room temperature and atmospheric 
p re s su re fo r 2 days . The hydrogen uptake was 98% of the t h e o r e t i c a l . 
The c a t a l y s t was f i l t e r e d and the e thanol was evaporated in vacuo - The 
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v iscous o i l ob ta ined weighed 7.50 g. (82.4 mmole, 9 9 % ) . The o i l was d i s ­
solved in 75 ml. of 50% e thano l and the s o l u t i o n was c h i l l e d in i c e . To 
t h i s s o l u t i o n was added 20.0 g . (196.0 mmole) of precooled a c e t i c anhy­
d r i d e . The r e a c t i o n mixture was kept in the r e f r i g e r a t o r o v e r n i g h t . The 
s o l u t i o n was evaporated in vacuo t o about 15 ml. a t 4 0 - 4 6 ° and l yopho l -
i z e d . The t an re s idue was r e c r y s t a l l i z e d from acetone and gave 4 « 4 2 g . 
(40% based on 2 - n i t r o - 1 , 3 - p r o p a n e d i o l ) of white p l a t e s , m.p. 85-86° ( c o r r . ) . 
Two more r e c r y s t a l l i z a t i o n s from acetone afforded an a n a l y t i c a l sample 
m.p. 85 .5-86 .5° ( c o r r . ) [ l i t . (22) m.p. 8 9 - 9 0 ° ] . 
Anal . G5n±±N03 Ca l c ' d : C, 4.5-09; H, 8 .33 ; N, 10.52 
(133.15) Found : G, 45-38; H, 8 .45 ; N, 10.77 
The i n f r a r e d spectrum of the 2 -ace t amido- l , 3 -p ropaned io l in c h l o ­
roform s o l u t i o n , showed absorp t ions a t 2 .90 , 3«30, 5*87 (weak), 6.15 and 
6.50 [i among o t h e r s . The n . m . r . spectrum in deuterium oxide (DSS) ( C , . 
20%) showed absorp t ions a t 7.98 T (3H, s i n g l e t ) and a complicated s e r i e s 
of peaks from 5 . 9 to 6.6 T (5H). 
T r i - ( p - t o l u e n e s u l f o n y l ) - 2 - a m i n o - l , 3 - p r o p a n e d i o l 
A s o l u t i o n of 3.0 g. (33.0 mmole) of crude 2 - a m i n o - l , 3 - p r o p a n e d i o l 
i n 15 ml. of py r id ine was cooled to 0° i n an i ce b a t h . To t h i s s o l u t i o n 
was added por t ionwise a cooled s o l u t i o n of 66.0 g. (342.0 mmole) of p_-
toluenesu ' l fonyl ch lo r ide in 75 ml. of p y r i d i n e . The s o l u t i o n was kept b e ­
low 5° during the a d d i t i o n . The r e a c t i o n mixture was allowed to s tand in 
the r e f r i g e r a t o r fo r s i x days . The deep red s o l u t i o n was poured i n t o an 
i c e - w a t e r mixture and n e u t r a l i z e d wi th sodium b ica rbona te s o l u t i o n . The 
aqueous s o l u t i o n was e x t r a c t e d wi th t h r ee 80-ml. po r t i ons of chloroform. 
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The combined chloroform e x t r a c t s were back e x t r a c t e d wi th a mixture of 
hydroch lor ic ac id and i c e . The chloroform l a y e r was washed wi th 100 ml. 
of cold wate r , d r i ed over magnesium s u l f a t e , and evaporated to dryness 
in vacuo. The red-brown v iscous o i l t h a t r e s u l t e d s o l i d i f i e d upon c o o l ­
ing in the r e f r i g e r a t o r . C r y s t a l l i z a t i o n from benzene afforded 8.90 g. 
(4-9% based on 2 - n i t r o - l , 3 - p r o p a n e d i o l ) of whi te s o l i d t h a t had m.p. 139-
140° ( c o r r . ) . An a n a l y t i c a l sample was prepared by r e c r y s t a l l i z i n g the 
compound two more times from benzene. I t showed m.p. 139-140° ( c o r r . ) . 
Anal . C 2 4 H 2 7 N 0 8 S 3 C a l c ' d : c> 52.06; H, 4-92; N, 2 . 5 3 ; S, 17-37 
(553.69) Found : C, 51-65; H, 4-82; N, 2 .69 ; S, 17-78 
The in f r a r ed spectrum in chloroform s o l u t i o n showed, among o t h e r s , 
abso rp t ions a t 2 .70 , 2 . 9 1 , 7 - 4 0 , 8.60 u . 
c i s -4 -Aminopyr ro l id ine -2 -ca rboxy l i c Acid Hydrochloride 
P repa ra t i on and P r o p e r t i e s 
F resh ly r e c r y s t a l l i z e d 4 - n i t r o p y r r o l e - 2 - c a r b o x y l i c ac id (23) (20.0 
g- , 129-0 mmole)"was hydrogenated a t 50 ps ig a t room tempera ture , us ing a 
rhodium c a t a l y s t ( 4 0 . 0 g . of f i v e per cent rhodium on a lumina) , in 200 ml. 
of r e d i s t i l l e d a c e t i c a c i d . The hydrogen uptake was 78% of the t h e o r e t i ­
ca l amount a f t e r t h r ee days . The c a t a l y s t was removed by f i l t r a t i o n and 
the f i l t r a t e was t r e a t e d wi th IR-45(OH ) ion exchange r e s i n u n t i l the pH 
rose to' 5-0. The supe rna tan t l i q u i d was passed over an IR-45(Cl ) column 
con ta in ing 4 0 0 ml. of r e s i n . The column was washed wi th one l i t e r of 
water and the e l u a t e was evaporated to dryness in vacuo. The dark brown 
r e s idue (14-03 g-) was deco lo r ized with a c t i v a t e d charcoa l and r e c r y s t a l ­
l i z e d from wa te r - e thano l mix tu re . This gave 7 . 4 0 g. (35%) of l i g h t t an 
n e e d l e s , m.p. 227-5-228.5° ( c o r r . ) [ l i t . (9) m.p. 227-228°] . 
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The amino a c i d had an v a l u e o f 0 . 2 6 i n BAW and gave a y e l l o w i s h -
p u r p l e c o l o r w i t h t h e n i n h y d r i n r e a g e n t . I t had pK v a l u e s of- 6 . 6 0 and 
a 
9 . 9 5 i n w a t e r as shown by p o t e n t i o m e t r i c t i t r a t i o n ( 2 4 ) . The pK v a l u e 
a 
o f t h e a c i d i c g r o u p was n o t d e t e r m i n e d ° The i n f r a r e d s p e c t r u m o f t h e amino 
a c i d as a p o t a s s i u m b r o m i d e p e l l e t i s shown i n F i g . 1 . The n . m . r . s p e c t r u m 
i n d e u t e r i u m o x i d e s o l u t i o n (DSS) ( C , J+0%) showed complex a b s o r p t i o n s 
f r o m 5 .48 t o 6 . 0 5 T (2 ' .1H) , 6 . 1 0 t o 6 . 6 8 T ( l . 8 H ) , 6 . 7 6 t o 7 -47 T ( 1 - 4 2 H ) , 
and 7 .50 t o 8 . 1 6
 T ( l o 2 2 H ) . T h i s s p e c t r u m i s g i v e n as F i g . 2 . 
B e n z o y l D e r i v a t i v e 
The b e n z o y l d e r i v a t i v e o f c i s - 4 - a m i n o p y r r o l i d i n e - 2 - c a r b o x y l i c a c i d 
h y d r o c h l o r i d e was p r e p a r e d by a g e n e r a l method f o r t h e p r e p a r a t i o n o f N-
b e n z o y l amino a c i d s (25)» The amino a c i d ( 0 . 8 0 g . , 4«82 mmole) was d i s ­
s o l v e d i n 10 m l . o f 2 N s o d i u m h y d r o x i d e and t h e s o l u t i o n was c h i l l e d i n 
i c e . A l t e r n a t e l y t h e r e was added t o t h i s c o l d s o l u t i o n 2 . 0 g . ( l 4 « 2 
mmole) o f b e n z o y l c h l o r i d e i n f i v e p o r t i o n s and 10 m l . o f 2 N s o d i u m 
h y d r o x i d e i n f i v e p o r t i o n s such t h a t t h e r e a c t i o n m i x t u r e r e m a i n e d a l ­
k a l i n e . The r e a c t i o n m i x t u r e was m a g n e t i c a l l y s t i r r e d t h r o u g h o u t t h e 
a d d i t i o n and f o r an a d d i t i o n a l 20 m i n . a t room t e m p e r a t u r e . The s o l u t i o n 
was a c i d i f i e d (congo r e d ) w i t h c o n c e n t r a t e d h y d r o c h l o r i c a c i d and t h e m i x ­
t u r e was s t o r e d i n t h e r e f r i g e r a t o r f o r two h o u r s . The s o l i d was f i l t e r e d , 
washed w i t h i c e - w a t e r and a l l o w e d t o d r y i n a i r . The d r y s o l i d was h e a t e d 
u n d e r r e f l u x w i t h 15 m l . o f c a r b o n t e t r a c h l o r i d e t o d i s s o l v e t h e b e n z o i c 
a c i d and t h e m i x t u r e was f i l t e r e d warm. The w h i t e r e s i d u e was r e c r y s t a l -
l i z e d f r o m an e t h a n o l - w a t e r m i x t u r e t o g i v e 840 mg. (51%) o f w h i t e s o l i d , 
m . p . 1 7 7 - 1 7 8 ° ( c o r r . ) « An a n a l y t i c a l sample was p r e p a r e d by r e c r y s t a l l i z ^ 
i n g t h e b e n z o y l d e r i v a t i v e t w i c e more f r o m e t h a n o l - w a t e r . 
Anal. G 1 9 H l 8 N 2 0 ^ o l / 2 H 20 Calc 'ds C, 65.70; H, 5-51; N, 8.06 
(347.38) Found : C, 65-72; H, 5-23; N, 7-78 
C, 66 ,05 ; H, 5°29; N, 8.05-
The i n f r a r e d spectrum of the dibenzoyl d e r i v a t i v e , i n chloroform 
s o l u t i o n , showed s t rong absorbance a t -5-80 u and 6.07 \i, among o t h e r s . 
b i s - 2 , 4 - D i n i t r o n h e n y l Der iva t ive 
The 2 , 4 - d i n i t r o p h e n y l d e r i v a t i v e was prepared by adopt ing the 
genera l method used fo r amino ac ids (25)° To a s o l u t i o n of 232 mg. 
( l . 3 9 mmole) of the amino ac id and 1.0 g° of sodium b ica rbona te in 15 ml. 
of water was added a s o l u t i o n of 1=00 go (5-35 mmole) of 2 , 4 - d i n i t r o f l u o -
robenzene in. 15 ml. of abso lu t e e t h a n o l . The suspension was allowed to 
s tand a t room temperature f o r two hours with occas iona l s w i r l i n g . The 
e thano l was evaporated in vacuo and the r e a c t i o n mixture was a c i d i f i e d 
wi th hydroch lo r i c a c i d . The yellow p r e c i p i t a t e t h a t formed a f t e r c o o l ­
ing was c o l l e c t e d on a s i n t e r e d g l a s s funnel , washed wi th t h r e e 5-ml. 
p o r t i o n s of cold water and then with t h r e e 10-ml. po r t i ons of benzene. 
The dry yellow s o l i d weighed 605 mg. (94%), m.p. 228-234° dec . ( c o r r . ) . 
The product was r e c r y s t a l l i z e d t h r ee times from ace tone-wate r and gave 
yellow cubic c r y s t a l s , m.p.. 245-248° dec» ( c o r r . ) . 
Anal . C 1 7 H 1 ^ Q 1 0 N 6 Calc 'ds C, 44° l6 ; H, 3»05; N, 18.17 
(462.35) Found s C, 44»49; H, 3 -23 ; N, 17.62 
F l a v i a n a t e S a l t Der iva t ive 
To a s o l u t i o n of 0.4-00 g. ( 2 . 4 0 mmole) of c i s - 4 - a m i n o p y r r o l i d i n e -
2 -ca rboxy l i c ac id hydrochlor ide was added 15 ml. of a 25% s o l u t i o n of 2,4-
d i n i t r o - l - n a p h t h o l - 7 - s u l f o n i c ac id ( f l a v i a n i c a c i d ) . A yel low p r e c i p i ­
t a t e formed-within a few minutes . The mixture was heated to b o i l i n g 
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and enough water was added slowly to give a c l e a r s o l u t i o n . Af te r coo l ­
ing , the yellow s o l i d t h a t formed was c o l l e c t e d and r e c r y s t a l l i z e d t h r e e 
more times from water to give L.18 g. of a n a l y t i c a l sample, m.p. 250-255° 
dec . ( c o r r . ) . 
Anal . C 2 $ H 2 2 N 6 0 l 8 S 2 . 3 / 2 H 20 C a l c ' d : C, 38 .19 ; H, 3-21; N, 10.70; 
S, 8.16 
(785.66) 
Found : C, 38 .26; H, 3-6l; N, 10.36; 
S, 8.17 
C, 38 .18 ; H, 3-42; N, 10 .10; 
S, 8.12 
c i s -3 -Aminopyr ro l id ine -2 -ca rboxy l i c Acid Su l fa t e 
P repa ra t ion and P r o p e r t i e s • 
Py r ro l e -2 - ca rboxy l i c ac id was prepared by the method of Maxim, 
Zugravescu and Fulga (26), m.p. 190-191° ( c o r r . ) [ l i t . (26) m.p. 1 9 2 ° ] . 
' Py roco l l was prepared from p y r r o l e - 2 - c a r b o x y l i c a c i d according to the 
method of Ciamician and S i l b e r (27) , m.p. 267-268° ( c o r r . ) [ l i t . (27) 
m.p. 2 6 7 ° ] . 
To an i c e - c o l d mixture of 80 ml. of concent ra ted n i t r i c ac id 
(dens i ty 1.^2) and 80 ml. of fuming n i t r i c ac id (dens i ty 1.59) was 
added 10.0 g. (53*2 mmole) of py roco l l in s i x equal po r t i ons wi th con­
t i n u a l s w i r l i n g during30 min. The r e s u l t i n g red s o l u t i o n was allowed 
to s tand a t room temperature f o r 16 hou r s . The r e a c t i o n mixture was 
poured onto 400 ml. of i c e - w a t e r ; the yellow p r e c i p i t a t e was c o l l e c t e d 
on a s i n t e r e d g l a s s funnel and washed with two 20-ml. p o r t i o n s of i c e -
wa te r . The dry s o l i d was d i s so lved in 100 ml» of 20% sodium hydroxide 
s o l u t i o n and the s o l u t i o n was heated on the steam bath fo r one hour . 
Af ter coo l ing , the ba s i c s o l u t i o n was a c i d i f i e d with hydroch lor ic ac id 
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to pH 1 . The a c i d i c s o l u t i o n was e x t r a c t e d wi th f i v e 1 5 0 - m l . p o r t i o n s of 
e t h e r . The combined e t h e r e x t r a c t s were washed wi th one lOO-ml. p o r t i o n 
of cold- water , d r i ed over magnesium s u l f a t e , and evaporated to dryness in 
vacuo. This gave 7 . 1 g . (A2%) of yellow s o l i d , m.p. 1 4 5 - 1 5 0 ° ( c o r r . ) . 
The n . m . r . spectrum i n deuterium oxide and potassium carbonate (c, 1 0 % ) 
(DSS, e x t e r n a l s tandard) showed the fo l lowing abso rp t ions and r e l a t i v e 
i n t e n s i t i e s : 2 . 0 1 T (double t , J = 1 . 8 cp s ) , 4 . 8 squa re s ; 2 . 6 7 T (double t , 
J = 4 . 5 cps) and 2 . 6 9 T (double t , J = 1 . 8 c p s ) , 1 3 . 0 squa re s ; and 3 . 1 0 T 
(double t , J = . 4 . 5 cp s ) , 9 . 1 s q u a r e s . After t h r e e r e e r y s t a l l i z a t i o n s from 
benzene the yellow s o l i d ' o b t a i n e d weighed 4 . 1 g», m.p. 1 4 6 - 1 4 8 ° ( c o r r . ) 
[ l i t . (23), m.p. 1 4 6 ° ] . The n . m . r . spectrum showed t h a t the t h r e e a b ­
so rp t i ons mentioned above had a r a t i o of i n t e n s i t i e s of 1 . 3 , 1 6 . 6 , and 
1 5 . 2 , r e s p e c t i v e l y . 
Hydrogenation of the above 3 - n i t r o p y r r o l e - 2 - c a r b o x y l i c ac id ( 5 * 0 
g . , 3 2 mmole) was c a r r i e d out a t 5 0 p s ig a t room temperature us ing 1 0 . 0 g . 
of rhodium on alumina c a t a l y s t in 6 0 ml . of a c e t i c a c i d . The hydrogena­
t i o n was continued f o r t h r ee days . The c a t a l y s t was removed by f i l t r a ­
t i o n . The f i l t r a t e was evaporated to about 15 ml. in vacuo and was neu­
t r a l i z e d wi th dry IR-45(OH ) i n abso lu te , e t h a n o l . The e thanol was 
evaporated, i n vacuo. Ethanol ( 2 0 0 ml . ) was added and the mixture was 
evaporated to dryness in v a c u o . The process was repea ted four t imes . The 
f i n a l e thano l mixture gave a nega t ive t e s t wi th Ness le r"s r e a g e n t . The 
amino ac id was washed from the r e s i n with water and the s o l u t i o n was -
passed over an I R - 4 5 ( S 0 ^ ) column conta in ing 80 ml. of r e s i n . The column 
was washed wi th 2 0 0 ml. of water and the e l u a t e was evaporated to about 
3 0 ml. in vacuo. The s o l u t i o n was deco lor ized wi th a c t i v a t e d charcoa l 
and e v a p o r a t e d t o d r y n e s s i n v a c u o . T h i s gave 2 . 9 0 g . (50%) o f l i g h t 
t a n s o l i d . A l l a t t e m p t s t o c r y s t a l l i z e t h e above s o l i d f a i l e d , p r o b ­
a b l y because o f i t s h i g h l y h y g r o s c o p i c n a t u r e • A sample o f t h e above 
c r u d e s o l i d was d r i e d i n v a c u o a t 77° f o r two d a y s , m . p . 2 1 5 - 2 2 0 ° d e c . 
( c o r r . ) . , 
A n a l . C . H i n N o 0 o . l / 2 H o S0 , C a l c ' d : C, 3 3 - 5 1 ; H, 6 . 1 9 ; N, 1 5 - 6 3 ; 5 10 2 2 2 4
 s ^ 8 o 9 5 
( 1 7 9 - 1 9 ) 
Found : C, 3 5 . 1 5 ; H, 6 . 4 8 ; N, 1 9 - 5 2 ; 
S, 1 1 . 3 3 
The amino a c i d had v a l u e s o f 0 . 4 4 and 0 . 8 6 i n BAW and w a t e r , 
r e s p e c t i v e l y and gave a p u r p l e - b r o w n c o l o r w i t h t h e n i n h y d r i n r e a g e n t . 
The i n f r a r e d s p e c t r u m o f t h e compound as a p o t a s s i u m b r o m i d e p e l l e t i s 
g i v e n as F i g . 3 - The n . m . r . s p e c t r u m i n d e u t e r i u m o x i d e and s u l f u r i c 
a c i d s o l u t i o n , p_H 1 , (DSS) ( C , 10%) showed a b s o r p t i o n s a t 6 . 3 1 T ( t r i p ­
l e t , 2H, J - 7 . 5 c p s ) and two complex a b s o r p t i o n s f r o m 6 . 7 6 t o 7 . 3 4 T 
( 2 . 0 8 H ) , and 7 . 4 5 t o 8 . 0 2 T ( 2 . 1 H ) . T h i s s p e c t r u m i s g i v e n as F i g . 4 -
B e n z o y l D e r i v a t i v e 
The b e n z o y l d e r i v a t i v e o f c i s - 3 - a m i n o p y r r o l i d i n e - 2 - c a r b o x y l i c 
a c i d s u l f a t e was p r e p a r e d b y a g e n e r a l method f o r t h e p r e p a r a t i o n o f N-
b e n z o y l amino a c i d s ( 2 5 ) - A s o l u t i o n o f 500 mg. ( 2 . 8 0 mmole) o f t h e 
above c r u d e amino a c i d i n 8 m l . o f 2 N s o d i u m h y d r o x i d e was c h i l l e d i n 
an i c e - w a t e r b a t h . A l t e r n a t e l y t h e r e was added t o t h i s c o l d s o l u t i o n 
2 . 0 0 g . ( 1 4 . 2 mmole) o f b e n z o y l c h l o r i d e i n t h r e e p o r t i o n s and 12 m l . 
o f 2 N s o d i u m h y d r o x i d e i n t h r e e p o r t i o n s a t f i v e - m i n u t e i n t e r v a l s such 
t h a t t h e r e a c t i o n m i x t u r e r e m a i n e d a l k a l i n e . The r e a c t i o n m i x t u r e was 
m a g n e t i c a l l y s t i r r e d t h r o u g h o u t t h e a d d i t i o n and f o r an a d d i t i o n a l 30 m i n . 
A w h i t e , s t i c k y s o l i d p r e c i p i t a t e d . I t was f i l t e r e d on a s i n t e r e d g l a s s 
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f u n n e l and washed w i t h two 1 0 - m l . p o r t i o n s o f c o l d w a t e r . The f i l t r a t e 
was a c i d i f i e d w i t h c o n c e n t r a t e d h y d r o c h l o r i c a c i d (congo r e d ) and c o o l e d . 
The p r e c i p i t a t e was i d e n t i f i e d as b e n z o i c a c i d . The p r e c i p i t a t e f r o m 
t h e b a s i c s o l u t i o n was s t i r r e d w i t h 10 m l . o f w a t e r . The w h i t e powder 
f o r m e d w e i g h e d 595 mg. (67%) , m . p . 1 9 0 - 1 9 3 ° ( c o r r . ) . A f t e r t h r e e r e -
c r y s t a l l i z a t i o n s f r o m e t h y l a c e t a t e t h e sample showed m . p . 193 . 5 -194* 5 ° 
( c o r r . ) . 
A n a l . C 1 9 H l 8 N 2 0 ^ C a l c ' d : C, 6 7 - 4 3 ; H, 5 -35; N, 8 . 2 8 
( 3 3 8 . 3 7 ) 
C 1 9 H 1 6 N 2 Q 3 C a l c ' d : C, 7 1 . 2 4 ; H, 5 - 0 3 ; N, 8 . 7 5 
( 3 2 0 . 3 5 ) Found : C, 7 0 . 0 5 ; H, 5 - 9 1 ; N, 8 . 6 l 
C, 7 0 . 2 0 ; H, 5 - 9 5 ; N, 8 . 6 9 
C, 7 0 . 0 8 ; H, 5 - 6 9 ; N, 8 . 5 4 
The n . m . r . s p e c t r u m o f t h e d e r i v a t i v e i n t r i f l u o r o a c e t i c a c i d s o l u ­
t i o n (TMS) ( C , 20%) showed t h e f o l l o w i n g a b s o r p t i o n s : a complex peak c e n ­
t e r e d a t 2 . 2 7 T (10H) and t h r e e o t h e r b r o a d peaks a t 6 . 1 2 T ( 1 . 9 4 H ) , 
6 . 7 8 T ( 1 . 9 2 H ) , and 7 . 6 9 T ( l . 9 8 H ) . 
F l a v i a n a t e S a l t D e r i v a t i v e . 
To a s o l u t i o n o f 50 mg. ( 0 . 2 8 mmole) o f t h e c r u d e c i s - 3 - a m i n o p y r r o l i -
d i n e - 2 - c a r b o x y l i c a c i d s u l f a t e i n 3 m l . o f w a t e r was added 2 m l . o f a 25% 
s o l u t i o n o f 2 , 4 - d i n i t r o - l - n a p h t h b l - 7 - s u l f o n i c a c i d ( f l a v i a n i c a c i d ) . A 
y e l l o w p r e c i p i t a t e f o r m e d w i t h i n a few m i n u t e s . The m i x t u r e was h e a t e d 
t o b o i l i n g and 15 m l . o f w a t e r was a d d e d . The h o t s o l u t i o n was c e n t r i ­
f u g e d and t h e s u p e r n a t a n t s o l u t i o n was h e a t e d t o b o i l i n g . A f t e r c o o l i n g , 
t h e y e l l o w n e e d l e s were c o l l e c t e d and w e i g h e d 9 5 mg. (40%) . An a n a l y t i ­
c a l sample was p r e p a r e d by r e c i y s t a l l i z i n g t h e p r o d u c t t h r e e more t i m e s 
f r o m w a t e r , m . p . 2 2 9 - 2 3 1 ° d e c . ( c o r r . ) . 
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Anal. C 3 Q H 2 g N g S 2 0 l 8 C a l c ' d : C, 42 .24 ; H, 3 - 3 1 ; N, 13.14; S, 7.52 
(852.45) Found : C, 42 .08 ; H, 4 . 0 1 ; N, 13-39; S, 8.36 
C, 43 .52 ; H, 4 - 8 3 ; N, 12.75; , S, 7 .24 
C, 42 .66 ; H, 4 - 1 5 ; N, 1 3 - 6 1 ; S, 7.90 
4-Aminopyrr-ol idine-2,4-dicarboxyl ic Acid 
P repa ra t ion and P r o p e r t i e s 
1 ,2 -Dica rbe thoxy -4 -py r ro l idone was prepared by the method of Kuhn 
and Osswald (28) . The p r ep a ra t i on was d i s t i l l e d a t 109-115°/0 .5 mm [ l i t . 
(28) b . p . 170-175°/ l2 mm]. 
A s o l u t i o n of 20.0 g. (0.087 mole) of l , 2 - d i c a r b e t h o x y - 4 - p y r r o l i -
done, 11.3 g. (0.174 mole) of potassium cyanide, 9-3 g« (0.174 mole) of 
ammonium c h l o r i d e , and 45»0 ml. of 30% aqueous ammonia in 800 ml. of meth­
anol was allowed to s tand a t room temperature fo r s i x days . The methanol 
was evaporated in vacuo and the r e s idue was d i s so lved in 40 ml. of water 
s a t u r a t e d wi th sodium c h l o r i d e . The suspension was e x t r a c t e d wi th four 
150-ml. po r t i ons of chloroform and the chloroform e x t r a c t was d r i ed f o r 
a few minutes over magnesium s u l f a t e . The dry chloroform e x t r a c t was 
e x t r a c t e d with two 30-ml. po r t ions of 1.2 N hydroch lor ic a c i d . The a c i d i c 
s o l u t i o n was made b a s i c with potass ium)carbonate , s a t u r a t e d wi th sodium 
ch lo r ide and e x t r a c t e d wi th four 150-ml. po r t i ons of chloroform. Both 
chloroform e x t r a c t s were d r i ed over magnesium s u l f a t e and evaporated to 
dryness in vacuo. The n e u t r a l f r a c t i o n weighed 2.50 g. and the b a s i c 
f r a c t i o n weighed 8.80 g. (40% crude y i e l d ) . The i n f r a r ed spectrum of 
the b a s i c f r a c t i o n showed an abso rp t ion a t 4 • 45 (J»« React ions were run 
f o r pe r iods of 2, 6, 9, 13 , and 16 days . The b a s i c f r a c t i o n from the 
s ix -day r e a c t i o n had the l a r g e s t weight and showed the most i n t ense 
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4-45 u band. 
A s o l u t i o n of 3*4 g. of the b a s i c f r a c t i o n in 75 ml. of 6 N hy­
d r o c h l o r i c ac id was bo i l ed under, r e f l ux f o r 70 hours . The s o l u t i o n was 
evaporated to dryness in vacuo and n e u t r a l i z e d with IR-45(OH ) in a b ­
s o l u t e e t h a n o l . Ethanol was evapora ted , in vacuo, f i v e times from t h i s 
mixture to remove ammonia. The l a s t e thanol mixture showed a nega t ive > 
t e s t wi th N e s s l e r ' s r e a g e n t . The amino ac id was washed from the r e s i n 
wi th water and f i n a l l y with 1 N hydroch lor ic a c i d u n t i l the washing 
s o l u t i o n was ninhydr in n e g a t i v e . The a c i d i c s o l u t i o n was n e u t r a l i z e d 
with IR-45(OH ) to pH 2 . 5 , c o m b i n e d wi th the n e u t r a l s o l u t i o n a n d e v a p ­
ora ted to about 30 ml. in vacuo. The r e s u l t i n g brown s o l u t i o n was 'de ­
co lo r i zed with cha r coa l . The suspension was f i l t e r e d and the f i l t r a t e 
was evaporated to dryness in vacuo and gave 1 . 9 9 g- of m a t e r i a l . Crys­
t a l l i z a t i o n from wa te r - e thano l afforded 1.74 g» of white needles (30%, 
based on s t a r t i n g k e t o n e ) . An a n a l y t i c a l sample was prepared by c r y s ­
t a l l i z i n g the s o l i d t h r e e more t imes from w a t e r - e t h a n o l . On hea t ing the 
amino ac id changed to a dark co lo r a t about 300° but did not melt up to 
350° . 
Anal . C 6 H 1 Q 0^N 2 Ca l c ' d : C, 41-38; H, 5-79; N, 1 6 . 0 8 
( 1 7 4 - 1 6 ) Found : C, 4 1 - 1 3 ; H, 6 . 2 5 ; N, 15-88 
The amino ac id had R p va lues 0 .78 , and 0 . 2 6 in water and BAW, r e ­
s p e c t i v e l y , and gave a purple-brown co lor with the n inhydr in r e a g e n t . 
The i n f r a r ed spectrum of the compound as a potassium bromide p e l l e t i s 
given as F i g . 5- The n . m . r . spectrum in deuterium oxide and potassium 
carbonate (DSS) ( C , 20%) showed complex abso rp t ions from 5 - 5 6 to 6 . 1 3 T 
(1H), 6 . 1 5 to 6 . 7 6 T (1-62H), and 7.00 to 8.30
 T (1-67H). This spectrum 
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i s given as f i g u r e 6 . 
2,4 - -D in i t ropheny l Der iva t ive 
The 2 , 4 - d i n i t r o p h e n y l d e r i v a t i v e was prepared accord ing to the 
genera l method used f o r prepar ing 2 ,4 - d i n i t r o p h e n y l a m i n o a c i d s ( 2 5 ) . 
To a s o l u t i o n of 231 mg. ( 1 . 3 2 mmole) of 4 - a m i n o p y r r o l i d i n e - 2 , 4 - d i c a r -
boxy l ic ac id in 2 0 ml. of water a t room temperature was added 1 . 0 g . 
( 1 1 . 9 mmole) of sodium b i c a r b o n a t e . To the s o l u t i o n was added a s o l u ­
t i o n of 1 . 0 g. ( 5 . 3 5 mmole) of 2 , 4 - d i n i t r o f l u o r o b e n z e n e in 2 0 ml. of 
e t h a n o l . The r e a c t i o n mixture was allowed to s tand a t room temperature 
with occasional swirling fo r four hours . The ethanol was evaporated i n 
vacuo and the mixture was a c i d i f i e d wi th hydroch lor ic ac id and cooled 
in the r e f r i g e r a t o r . The yellow s o l i d was f i l t e r e d on a s i n t e r e d g l a s s 
funnel , washed with two 1 0 - m l . po r t i ons of water and then with t h r e e 
1 5 - m l . po r t i ons of benzene. The a i r - d r i e d yellow powder weighed 5 2 5 mg. 
(78%), m.p. 2 4 5 - 2 5 0 ° dec . ( c o r r . ) . Three r e c r y s t a l l i z a t i o n s from water 
gave an a n a l y t i c a l sample, m.p. 2 4 7 - 2 5 0 ° dec . ( c o r r . ) . 
Anal . C 1 g H 1 ^ N 6 0 1 2 Ca l c ' d : C, 4 2 . 7 0 ; H, 2 . 7 9 ; N, 1 6 . 6 0 
( 5 0 6 . 3 6 ) Found : C, 4 2 . 7 0 ; H, 3 . 1 3 ; N, 1 6 . 5 7 
F l a v i a n a t e S a l t Der iva t ive 
To a s o l u t i o n of 1 0 0 mg,. ( 0 . 5 7 mmole) of 4 - a m i n o p y r r o l i d i n e - 2 , 4 -
d ica rboxy l i c ac id i n 1 0 ml. of water was added 5 « 0 ml. of a 25% s o l u t i o n 
of 2 , 4 - d i n i t r o - l - n a p h t h o l - 7 - s u l f o n i c ac id ( f l a v i a n i c a c i d ) . The- reac­
t i o n mixture was allowed to s tand a t room temperature f o r 3 0 min. and 
the s o l u t i o n was evaporated in vacuo to about 5 « 0 ml. The r e a c t i o n mix­
t u r e was heated to b o i l i n g and enough water was added to d i s s o l v e any 
undisso lved s o l i d . The yellow needles t h a t formed on cool ing were 
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c o l l e c t e d and w e i g h e d 295 mg. ( 6 4 % ) , m . p . - 2 4 5 - 2 4 9 ° d e c . ( c o r r . ) . An 
a n a l y t i c a l sample was p r e p a r e d by r e c r y s t a l l i z i n g t h e p r o d u c t t h r e e t i m e s 
f r o m w a t e r , m . p . 2 5 0 - 2 5 3 ° d e c . ( c o r r . ) . 
A n a l . C
 A H J , S 0 C a l c ' d : C, 3 8 . 9 0 ; H, 2 . 7 6 ; N, 1 0 . 4 7 ; 
( 8 0 2 . 6 4 )
 F o u n d . ^ 3 8 . 9 0 . H , 3 . 8 1 ; N, 1 0 . 4 5 ; 
S, 7 . 8 5 
A t t e m p t e d P r e - p a r a t i e n e f 4 - G u a n i d Q B y r r o l i d i n e - 2 , 4 - d i c a r b o x y l i c A c i d 
A m i n o g u a n i d i n e n i t r a t e was p r e p a r e d f r o m a m i n o g u a n i d i n e b i c a r b o n a t e 
(Eastman 1 9 3 2 ) . To a s u s p e n s i o n o f 5«0 g . ( 3 7 . 0 mmole) o f a m i n o g u a n i d i n e 
b i c a r b o n a t e i n 20 m l . o f a b s o l u t e e t h a n o l 8 m l . o f c o n c e n t r a t e d n i t r i c 
a c i d was added d r o p w i s e . When t h e c a r b o n d i o x i d e e v o l u t i o n had s t o p p e d , 
t h e m i x t u r e was c o o l e d and t h e p r e c i p i t a t e was c o l l e c t e d on a s i n t e r e d 
g l a s s f u n n e l . The w h i t e s o l i d was washed w i t h t h r e e 5 - m l . p o r t i o n s o f 
c o l d a b s o l u t e e t h a n o l and r e c r y s t a l l i z e d f r o m h o t a b s o l u t e e t h a n o l . The 
w h i t e n e e d l e s o b t a i n e d w e i g h e d 3*0 g . (60%) , m . p . 144-14*5° ( c o r r . ) , 
[ l i t . ( 2 9 ) , m . p . 1 4 4 ° ] . 
l - G u a n y l - 3 , 5 - d i m e t h y l p y r a z o l e n i t r a t e was p r e p a r e d f r o m a c e t y l -
a c e t o n e and a m i n o g u a n i d i n e n i t r a t e a c c o r d i n g t o t h e method o f T h i e l e -
and D r a l l e ( 3 0 ) . The p r o d u c t o b t a i n e d had m . p . 1 6 7 - 1 6 8 ° ( c o r r . ) [ l i t . 
( 3 0 ) , m . p . 1 6 8 ° ) . 
To 1750 m l . o f 1 N s o d i u m h y d r o x i d e s o l u t i o n was added 34»0 g . 
(170 mmole) o f l - g u a n y l - 3 , 5 - d i m e t h y l p y r a z o l e n i t r a t e . The f r e e base was 
e x t r a c t e d a t once w i t h t h r e e 1 5 0 - m l . p o r t i o n s o f e t h y l a c e t a t e and t h e 
combined e x t r a c t s were d r i e d o v e r magnesium s u l f a t e . The s u p e r n a t a n t 
l i q u i d was e v a p o r a t e d t o d r y n e s s i n v a c u o . The r e s u l t i n g o i l was d i s ­
s o l v e d i n 45 m l . o f w a t e r . The aqueous s o l u t i o n was m i x e d w i t h 8 .80 g . 
33 
of the crude bas i c f r a c t i o n , obta ined from the s t r e c k e r r e a c t i o n using. 
1 ,2-dicarbethoxy-4--pyrrol idone, and 10 ml. of t r i e t h y l a m i n e . The r e a c ­
t i o n mixture was heated a t 110° under r e f l u x fo r t h r ee hour s . Papergram 
a n a l y s i s of the product in BAW i s shown below. 
Compound (BAW) Weber Ninhydrin 
l -Guany l -3 ,5 -d imethy l - 0.70 
pyrazole N i t r a t e 





The s o l u t i o n was evaporated to dryness i n vacuo. The r e s idue was 
d i s so lved in 100 ml. of 6 N hydrochlor ic ac id and the s o l u t i o n was bo i l ed 
under r e f lux fo r 55 h r . The r e a c t i o n mixture was evaporated in vacuo to 
about 50 ml. and t r e a t e d batchwise wi th IR-45(0H ) r e s i n u n t i l the p_H 
rose to 3 . 0 . The superna tan t l i q u i d was passed over an IR-4-00(0H ) c o l ­
umn conta in ing 900 ml. of r e s i n . The r e s i n was washed with 2 1 . of water 
and the e l u a t e evaporated in vacuo to about 50 ml. This aqueous s o l u t i o n 
was e x t r a c t e d wi th four 80-ml. po r t ions of e t h y l a c e t a t e . Papergram 
a n a l y s i s of both the e t h y l a c e t a t e f r a c t i o n and the aqueous f r a c t i o n a r e 
shown below. The aqueous l a y e r was evaporated to dryness in vacuo. The 
tan s o l i d obta ined weighed 4-.80 g. The s o l i d was d i s so lved in 10 ml. of• 
water and p i p e t t e d onto a carbon column conta in ing 150 g. of 1:2 a c i d -
washed c e l i t e : D a r c o G-60 t h a t had been p r e t r e a t e d with t h r ee per cent 
o l e i c a c i d . The column was e lu t ed with water (810 f r a c t i o n s of about 
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20 ml. e a c h ) . Papergrams on every o the r f r a c t i o n were developed in BAW 
and sprayed with the Weber r e a g e n t . F r a c t i o n s I - 4 O showed no p o s i t i v e 
s p o t s . F r a c t i o n s 41-85 revea led a pink spot in BAW wi th IL, 73* FraC-
Compounds IL, (BAW) "Weber Ninhydrin 
l -Guany l -3 ,5 -d ime thy l ­
pyrazole N i t r a t e 
Ethyl Aceta te F r a c t i o n 
Aqueous F r a c t i o n 
0.70 Blue 
0.70 Blue 
0.66 P i n k 
t i o n s 8 6 - 8 1 0 showed a f a i n t pink spot of the same R^. F r a c t i o n s 4 1 - 8 5 
were combined and evaporated in vacuo to about 3 0 ml. The suspension 
was f i l t e r e d hot on a s i n t e r e d g l a s s funnel and the f i l t r a t e was evapora t ­
ed to dryness in vacuo. The almost c o l o r l e s s r e s idue weighed 3*080 g . 
F r a c t i o n s 8 6 - 8 1 0 were combined and t r e a t e d in the same way. This gave 
0.570 g. of t an r e s i d u e . The product from the main f r a c t i o n was d i s so lved 
in 2 0 ml . of hot water and cen t r i fuged . To the supe rna tan t l i q u i d was 
added hot a b s o l u t e e thano l u n t i l a c loudiness appeared . The mixture was 
cooled and f i l t e r e d . The process was repea ted t h r e e more t imes to get r i d 
of the column throw. The aqueous s o l u t i o n was evaporated to dryness i n 
vacuo. The res idue was r e c r y s t a l l i z e d from methanol -e thy l a c e t a t e and 
gave 6 9 5 mg. of l i g h t tan need l e s , m.p. 2 2 6 - 2 2 8 ° dec . ( c o r r . ) . An a n a l ­
y t i c a l sample was prepared by r e c r y s t a l l i z i n g the product t h r e e more 
t imes from methanol -e thy l a c e t a t e , m.p. 2 3 0 - 2 3 1 ° dec . ( c o r r . ) . 
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Anal. C 7 H 1 2 N ^ Ca lc ' d : C, 38.89; H, 5-59; N, 25-92 
(216.20) 
Calc 'd : C, 30 .25; H, 7 .62; N, 35-27 
J 7 J <• 
(119-13) Found : C, 30 .58; H, 7-50; N, 34-76 
c; 30.09; H, 7 .48; N, 35-59 
The compound gave a nega t ive Sakaguchi t e s t . The i n f r a r e d s p e c ­
trum as a potassium bromide p e l l e t , showed, among o t h e r s , abso rp t ions 
a t 2.94* 3 .22 , 6.02, 6.46, and 7 .11 \i. The n . m . r . spectrum in deu­
ter ium oxide (DSS) ( C , 10%) showed only a sharp s i n g l e t a t 7.97 T . The 
n . m . r . spectrum in t r i f l u o r o a c e t i c ac id (TMS) ( C , 15%) showed two a b ­
s o r p t i o n peaks, a broad one a t 3*86 T and a sharp s i n g l e t a t 7 . 8 l T • 
The r a t i o of the a reas were 5 to 2, r e s p e c t i v e l y . 
The n . m . r . spectrum of an a u t h e n t i c sample of guanidine a c e t a t e 
as a potassium bromide p e l l e t was i d e n t i c a l wi th t h a t of the unknown. 
The n . m . r . spectrum of the guanidine a c e t a t e in deuterium oxide (DSS) 
(c , 15%) showed a sharp s i n g l e t a t 8.06 T • A papergram a n a l y s i s of the 
unknown and guanidine a c e t a t e i s shown below. 
Compound Rp (BAW). Rp (PW) Rp (PAW) Weber 
Unknown 0.60 0.58 0.66 Pink 
Guanidine Acetate. 0.60 0.60 0.66 Pink 
2 ,4 -Bini t rophenylviomycidine 
The method used fo r the p r e p a r a t i o n of 2 ,4 -d in i t rophenylv iomycid ine 
was an adapt ion of a genera l method f o r the p r e p a r a t i o n of 2 , 4 - d i n i t r o p h e n -
ylamino ac ids (25)- To a s o l u t i o n of 202 mg. (0.98 mmole) of viomycidine 
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hydrochlor ide in 1$ ml. of water was added 1.0 g . of sodium b i c a r b o n a t e . 
To t h i s s o l u t i o n was added a s o l u t i o n of 1 . 1 0 g . ( 6 . 0 mmole) of 2 , 4 - d i n i -
t rof luorobenzene in 2 0 ml. of e t h a n o l . The suspension was s t i r r e d mag­
n e t i c a l l y fo r two hours a t room tempera ture . The e thano l was evaporated 
in vacuo and the r e s idue was a c i d i f i e d with hydrochlor ic a c i d . The o r ­
ange s o l i d was c o l l e c t e d on a s i n t e r e d g las s funnel and washed wel l wi th 
water , benzene, and chloroform. The a i r - d r i e d s o l i d weighed 323 mg. 
(88%) and had m.p. 171-172°. An a n a l y t i c a l sample was prepared by r e -
c r y s t a l l i z i n g the compound th ree more t imes from wa te r . I t showed m.p. 
172-173° ( c o r r . ) . The a n a l y t i c a l sample was d r i ed to cons tan t weight-.-* 
Anal. 0 1 2 H 1 2 0 6 N 6 . 2 H 2 0 Ca lc ' d : C, 3 8 . 7 1 ; H, 4 - 3 3 ; N, 22.$8 
( 3 7 2 . 2 0 ) Found : . C, 3 8 . 7 9 ; H, 4 - 4 9 ; N, 2 2 . 5 7 
Ozonolysis of 2 ,4-Dini t rophenylviomycidine 
Ozone genera ted by a Welsbach Model T-23 ozone genera to r was bub­
bled through a s o l u t i o n of 2 1 6 mg.*- ( 0 . 5 8 mmole) of 2 , 4 - d i n i t r o p h e n y l v i o -
mycidine in 50 ml. of 80% formic ac id f o r one hour a t 0 ° . One m i l l i l i t e r 
of 30% hydrogen peroxide was added and the r e a c t i o n mixture was allowed 
to s tand a t room temperature ove rn igh t . The s o l u t i o n was evaporated to 
dryness in vacuo. The yellow s o l i d obta ined weighed 2 0 0 mg. TLC in BMA 
i n d i c a t e d two yellow s p o t s , a l i g h t yellow one of 0.52 and a deep y e l ­
low one of 0 . 7 5 - 2 ,4 -Din i t rophenylv iomycid ine and 2 , 4 - d i n i t r o a n i l i n e 
had Rp va lues of 0 . 5 0 and 0 . 7 5 , r e s p e c t i v e l y , in BMA. A TLC p l a t e in 
BMA was sprayed with the Weber reagent and gave one l i g h t b lue spot of R^ 
O . 5 6 (guanidine showed a pink spot of R^ O . 4 8 ) . No n inhydr in p o s i t i v e 
spo ts were observed. The yellow re s idue was d i s so lved in 2 0 ml. of 
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concent ra ted hydroch lor ic ac id and hydrolyzed in a p r e s su re b o t t l e fo r 
6 h r s . on a steam b a t h . One hundred m i l l i l i t e r s of t - b u t y l a l coho l was 
added and the s o l u t i o n was evaporated to dryness in vacuo. Papergram 
and TLC ana lyses of the yellow re s idue a re shown in Tables 6 and 7, r e ­
s p e c t i v e l y . 
Table 6. Papergram Analys is of the Ozonolysis Product 
of 2 ,4-Din i t rophenylv iomycid ine . 
Compound Rp (BAW) Rp (PW) Color Weber Ninhydrin 
2 , 4 - D i n i t r o a n i l i n e 0.69 0 .81 Yellow 
Guanidine 0.45 0.38 Pink 
DNP-Viomyc i d i n e 0.65 0.64 Yellow Pink 
Product 0 .68 0 .81 Yellow 
0.45 0 .38 Pink 
0 .38 0.26 — . — Pink 
Table 7 . TLC Analys is of the Ozonolysis Product 
of 2 ,4 -Din i t rophenylv iomycid ine . 
Compound Rp (BMA) Color Weber 
Guanidine 0.48 Pink , 
2 , 4 - D i n i t r o a n i l i n e 0.78 Yellow — _ _ -
DNP-Viomycidine 0.50 Yellow Pink 
DNP-Aspartic Acid 0.24 Yellow • — - - • 
Product
 5 0.78 Yellow 
0.49 Pink 
0.06 Pink 
Qzpnolysis of 2 ,4 -Din i t ropheny las r j a r t i c Acid 
2 , 4 - D i n i t r o p h e n y l a s p a r t i c ac id was prepared by the genera l method 
used fo r the p r e p a r a t i o n of 2 ,4-d in i t rophenylamino ac ids (25) . The 
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product had m.p. 186-187° ( c o r r . ) [ l i t . (3l), m.p. 186-187°]. 
A s o l u t i o n of 200 mg. (0.67 mmole) of 2,4 -dini t rophenylaspar t ic 
ac id in 50 ml. of 80% formic ac id was ozonized under the same condi t ions 
used fo r the ozonolys is of 2,4-dinitrophenylviomycidine• The product , af­
t e r ozonolys is and ac id h y d r o l y s i s , weighed 190 mg. TLC ana lyses of t h i s 
yellow product in BMA i n d i c a t e d two yellow s p o t s : a main spot R^ , 0.79 
and a very l i g h t spot R^ , 0.25* Table 7 g ives re fe rence R^ , va lues of 
known subs t ances . 
Reaction of 2,4-Dinitrophenylaspart ic Acid with 
Acidic Potassium Permanganate Solu t ion 
To 45 ml. of 0.01 N s u l f u r i c ac id was added 48 mg. (0.30 mmole) 
of potassium permanganate. To t h i s s o l u t i o n was added 90 mg. (0.30 mmole) 
of 2,4 -dini t rophenylaspar t ic a c i d . The r e a c t i o n mixture was heated under 
r e f l u x on the steam b a t h . The permanganate s o l u t i o n became c o l o r l e s s af­
t e r 5 min. The r e a c t i o n mixture was cooled and the yellow p r e c i p i t a t e 
t h a t had formed was c o l l e c t e d on a s i n t e r e d g l a s s funne l . The a i r - d r i e d 
s o l i d weighed 42 mg. (.7$Q and had m.p. 177-179° ( c o r r . ) . TLC ana lyses in 
BMA i n d i c a t e d the same R^ value as 2 ,4 -d in i t roani l ine . No depress ion in 
mel t ing po in t was observed when a mixture mel t ing po in t with an au then­
t i c sample of 2,4-dini t roani l ine was determined. 
Ozonolysis of Acetylviomycidine 
Acidic P repa ra t ion 
Acetylviomycidine was prepared us ing the me thod of M i l l e r ( l l ) . 
A s o l u t i o n of 58 mg. (0.28 mmole) of viomycidine hydrochlor ide i n 2.0 ml. 
of water was cooled to 10° and enough abso lu t e e thano l was added to br ing 
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Compound Rp (BAW) Ninhydrin Weber 
Aspa r t i c Acid 0.47 Purple 
Viomycidine Hydrochloride 0 .34 Purple Pink 
Guanidine 0.52 Pink 
Product 0 .18 Blue 
0.34 Purple Pink 
0.47 Purple 
0.52 Pink 
very low i n t e n s i t y compared wi th the o t h e r s . 
Basic P repa ra t ion 
A mixture of 264 mg. ( l . 3 0 mmole) of viomycidine hydroch lo r ide , 
30 ml. of a c e t i c anhydr ide , and 30 ml. of dry py r id ine was allowed t o 
s tand a t room temperature f o r 24 h r . The suspension was hea ted on a 
steam ba th for ' 8 h r . and f i l t e r e d . The res idue was r e a c e t y l a t e d in the 
same way. F i l t r a t i o n l e f t only a very small r e s i d u e . The f i l t r a t e s 
from both runs were combined, d i l u t e d with 60 ml. of wate r , and allowed 
c loud ine s s . Two m i l l i l i t e r s of a c e t i c anhydride was added and the r e a c ­
t i o n mixture was kept in the r e f r i g e r a t o r f o r 6 6 h r . The s o l u t i o n was 
evaporated to dryness in vacuo. The deep tan re s idue was d i s so lved in 
50 ml. of 80% formic ac id and ozonized a t 0° fo r 30 min. One m i l l i l i t e r 
of 30% hydrogen peroxide was added and the r e a c t i o n mixture was allowed 
to s tand a t room temperature ove rn igh t . The c o l o r l e s s s o l u t i o n was evap­
ora ted to dryness in vacuo. Ten m i l l i l i t e r s of 6 N hydroch lor ic ac id was 
added and the r e a c t i o n mixture was heated on a steam bath under r e f lux 
fo r 1 6 h r . Papergram ana lyses of the product and c e r t a i n o the r compounds 
are shown below. The colors of the spo t s wi th values 0.47 and 0.52 had 
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t o s tand a t room temperature for 2 h r . The reddish-brown s o l u t i o n was 
evaporated to dryness in vacuo. The brown res idue was d i s so lved in 100 
ml. of 80% formic ac id and ozone was bubbled through the s o l u t i o n for 
one hour a t 0 ° . Two m i l l i l i t e r s of 30% hydrogen peroxide was added and 
the mixture was .allowed t o s tand a t room temperature o v e r n i g h t . The 
c o l o r l e s s s o l u t i o n was evaporated to dryness in vacuo, mixed with 30 ml. 
of 6 N hydroch lor ic a c i d , and the s o l u t i o n was heated on a steam bath 
under r e f l u x f o r 18 h r . The dark s o l u t i o n was evaporated to about 10 ml. 
in vacuo. Papergram a n a l y s i s of the black s o l u t i o n i s shown below. 
Compound Rp (BAW) R p (is©butyric 
* Acid) 
Rp (PAW) Ninhydrin Weber 
Viomycidine 0.34 0.16 0.66 Purple Pink 
Guanidine 0.52 0.45 0.72 Pink 
A s p a r t i c Acid 0.47 0.22 0.70 Purple 
p-Alanine 0.54 0.80 Purple 
Product 0.34 0.16 0.66 Purple Pink 
0.47 0.23 0 .71 Purple 
0.52 O.46 0.73 Pink 
The co lor of the spot corresponding to viomycidine had very low i n t e n s i t y 
compared with those corresponding to a s p a r t i c ac id and guanid ine . 
The black mixture from the b a s i c p r e p a r a t i o n was n e u t r a l i z e d with 
sodium hydroxide s o l u t i o n to pH 2 and then n e u t r a l i z e d with sodium b i c a r ­
bonate s o l u t i o n . ; To t h i s s o l u t i o n was added 2.0 g. of sodium b i c a r b o n a t e 
and a s o l u t i o n of 2.0 g. ( l 0 .7 mmole) of 2 , 4 - d i n i t r o f l u o r o b e n z e n e in 30 
ml. of e t h a n o l . The r e a c t i o n mixture was allowed to s tand a t room tem­
p e r a t u r e f o r 3 h r s . Ethanol was evaporated in vacuo and the suspension 
was a c i d i f i e d with h y d r o c h l e r i c a c i d . The r e a c t i o n mixture was cooled in 
the r e f r i g e r a t o r f o r s e v e r a l hours and then e x t r a c t e d wi th f i v e 50-ml. 
po r t i ons of e t h y l a c e t a t e . The e t h y l a c e t a t e e x t r a c t was d r i ed over 
magnesium s u l f a t e and evaporated in vacuo. The ye l low-red o i l was d i s ­
solved in 10 ml. of acetone and analyzed by TLC The r e s u l t s a r e shown 
immediately below. The s o l u t i o n was evaporated to dryness in vacuo. 
Compound Rp (BA) Rp (BMA) Color 
DNP-Viomycidine 
DNP-Aspartic Acid 
2 ,4 -Din i t ropheno l 
Product 
0 . 4 2 
0 . 2 4 
0 . 7 4 
0 . 0 0 
0 . 2 4 













The v iscous o i l obta ined weighed 590 mg. C r y s t a l l i z a t i o n a t t empts were 
not s u c c e s s f u l . The o i l was d i s so lved in 8 ml. of e t h y l a c e t a t e and a p ­
p l i e d t o a s i l i c i c ac id column (3«5 cm. d iameter , 18 cm. h i g h ) . The 
column was e l u t e d with e t h y l a c e t a t e (15 f r a c t i o n s of about 6 ml. e a c h ) . 
A yellow band was e l u t e d . TLC ana lyses of a l l f r a c t i o n s i n d i c a t e d the 
same compounds p rev ious ly shown, wi th the except ion of the Rp 0.00 s p o t . 
A l l the yellow f r a c t i o n s were combined and evaporated in vacuo. The 
yellow-brown v i scous r e s idue weighed 505 mg. The res idue was r ed i s so lved 
in 5 ml. of e t h y l a c e t a t e a n d ' a p p l i e d t o ' l mm th i ck s i l i c a ge l G t h i n 
l a y e r p l a t e s with a spot of 2 , 4 - d i n i t r o p h e n y l a s p a r t i c a c i d as a r e f e r ­
ence on each p l a t e . A t o t a l of 12 p l a t e s having 20 cm. width were used . 
The p l a t e s were developed in BA. A t o t a l of four bands were observed 
t h a t had Rp va lues of 0.20 (ye l low) , 0.30 (brown), 0.52 ye l low) , and 
0 .78 (ye l low) . 2 , 4 - D i n i t r o p h e n y l a s p a r t i c ac id had Rp 0.20 (ye l low) . 
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The yellow band t h a t corresponded to 2 , 4 - d i n i t r o p h e n y l a s p a r t i c ac id was 
removed and the compound was e x t r a c t e d from the adsorbent wi th 5% formic 
ac id in a c e t o n e . The yellow s o l u t i o n was evaporated to dryness in vacuo 
and gave 1 6 $ mg. of brown-yellow s o l i d . The res idue was analyzed by TLC 
and the r e s u l t s a r e shown below. Al l a t t empts to c r y s t a l l i z e .the p repa ­
r a t i o n f a i l e d . 
Solvent Systems Product DNP-Aspartic 
BA 0 .21 0 .21 
BMA 0.33 0.32 
MA 0.72 0 . 7 4 
BAW O . 4 6 0 . 4 7 
PAW 0.30 0.32 
Ethyl Aceta te 0.00 0.00 
n-Butanol 0.00 0.00 
Methanol 0 .06 0 .06 
Ethanol 0.10 0.08 
Another 100 mg. ( 0 . 4 9 mmole) of crude viomycidine hydrochlor ide was 
mixed wi th 12. ml. of dry py r id ine and 12 ml. of a c e t i c anhydr ide . The 
a c e t y l a t i o n , ozon iza t ion , and ac id hyd ro lys i s of the ozonized product 
were c a r r i e d out i n the same way descr ibed above. The dark s o l u t i o n ob­
t a ined from the hydro lys i s was evaporated to about 1 ml. i n vacuo. The 
black s o l u t i o n was app l i ed to th ree 12-cm. wide s t r i p s of Whatman No. 17 
chromatography paper . The papergrams were developed in BAW. A 0.$ cm. 
wide s e c t i o n was cut from each s t r i p and sprayed wi th n inhydr in . The 
s e c t i o n s corresponding to the high spot ( O . 4 7 ) were cut and sewed t o ­
ge the r in long s t r i p s connected wi th Whatman No. 1 paper . The long 
br idged s e c t i o n s were e lu t ed wi th water by descending chromatography. 
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The combined e l u a t e s were evaporated in vacuo and gave 150 mg. of a 
p a r t i a l l y c r y s t a l l i n e tan s o l i d . The so l id .was d i s so lved in 3 ml. of 
wa t e r . The s o l u t i o n was p i p e t t e d onto a. carbon column 1.0 cm. i n diam­
e t e r and conta in ing 10 g. of 1:2 acid-washed c e l i t e 545*.Darco G-60 t h a t 
had been p r e t r e a t e d wi th t h r ee per cent o l e i c a c i d . . The packed -column 
was 27.0 cm. h igh . The column was e l u t e d with water (15 f r a c t i o n s of 
about 4 ml. e a c h ) . A drop was drawn from, e a c h . f r a c t i o n and t e s t e d : wi th 
n inhydr in r e a g e n t . F r a c t i o n s 1-6 were n e g a t i v e , f r a c t i o n s ,7-11 i n d i ­
cated a s t r o n g p o s i t i v e t e s t , and f r a c t i o n s . 12-15 i n d i c a t e d a .ve ry weak 
t e s t . F r a c t i o n s 7-11 were combined and lyopho l i zed . The white .com­
pound obta ined weighed 115 mg. The compound was d i s so lved in 1 ml. of 
hot d i s t i l l e d water , cen t r i fuged , and the s u p e r n a t a n t ' l i q u i d ' w a s ' a l l o w e d 
t o cool slowly to room t empera tu re . The s o l u t i o n was then kept in the 
r e f r i g e r a t o r ove rn igh t . The white c r y s t a l l i n e s o l i d obtained..was c o l ­
l e c t e d on,a Buchner funne l . The dry c r y s t a l s weighed 29 mg. The f i l ­
t r a t e was concent ra ted t o 0 .4 ml. The s o l i d obta ined upon cool ing 
was c o l l e c t e d and weighed 7 mg. The combined c r y s t a l l i n e product 
weighed 36 mg. (53%, based on viomycidine h y d r o c h l o r i d e ) . 
27° 
A sample of the f i r s t crop of the unknown showed [ a ] ^ ~ 0 .0° 
( c , 7 .68 , 1 N hydroch lo r i c a c i d ) . An a u t h e n t i c "sample of L - a s p a r t i c 
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a c i d showed [ a ] D = +22.86° ( c , 8 .00, 1 N hydroch lo r i c a c i d ) . The •• 
i n f r a r e d spectrum of the unknown and t h a t of an a u t h e n t i c sample of DL-
a s p a r t i c ac id taken as a potassium bromide p e l l e t were super imposable . 
The n . m . r . spectrum of the unknown in 0 .5 N hydroch lo r i c a c i d s o l u t i o n 
(TMS, e x t e r n a l s t andard) (5%) was i d e n t i c a l t o the n . m . r . spectrum of 
a s i m i l a r s o l u t i o n of a s p a r t i c a c i d . 
Page missing from thesis 
45 
p h o t o m e t r i c a l l y a c c o r d i n g t o a s t a n d a r d p r o c e d u r e ( 3 2 ) . A 10 m l . a l i ­
q u o t o f t h e h y d r o l y s a t e was m i x e d w i t h 5 m l . o f c l e a r N e s s l e r ' s r e a ­
g e n t i n a 50 m l . v o l u m e t r i c f l a s k . The f l a s k was f i l l e d to t h e mark 
w i t h d i s t i l l e d w a t e r . The s o l u t i o n was compared p h o t o m e t r i c a l l y w i t h 
a s t a n d a r d s o l u t i o n o f ammonium c h l o r i d e t r e a t e d w i t h N e s s l e r ' s r e a ­
g e n t i n t h e same p r o p o r t i o n a t t h e same t i m e . A S p e c t r o n i c 20 Bausch 
and Lomb s p e c t r o m e t e r was used i n t h e a n a l y s i s . The amount o f ammonia 
l i b e r a t e d i n t h e h y d r o l y s i s was 4 . 5 5 mg. ( 0 . 2 6 8 mmole, 3*7%)• 
B a r i u m H y d r o x i d e H y d r o l y s i s o f V i o m y c i n H y d r o c h l o r i d e 
A t h r e e - n e c k e d 1 1 . r o u n d - b o t t o m e d f l a s k was f i t t e d w i t h a 500 
m l . d r o p p i n g f u n n e l and two o n e - h o l e d r u b b e r s t o p p e r s , i n each o f w h i c h 
was i n s e r t e d a g l a s s t u b e . The f u n n e l was f i l l e d w i t h d i s t i l l e d w a t e r , 
w h i c h was added as needed t o keep t h e vo lume o f t h e b a s i c s o l u t i o n c o n ­
s t a n t . N i t r o g e n t h a t had been b u b b l e d t h r o u g h c o n c e n t r a t e d s u l f u r i c 
a c i d was a d m i t t e d t h r o u g h one t u b e , w h i c h was i n s e r t e d t o t h e b o t t o m 
o f t h e f l a s k , t o f o r c e any v o l a t i l e base f o r m e d o u t t h e o t h e r t u b e . 
The o t h e r t u b e d i p p e d i n t o a s o l u t i o n o f 1 0 . 0 g . o f b o r i c a c i d i n 250 
m l . o f d i s t i l l e d w a t e r . The s o l u t i o n was back t i t r a t e d a t i n t e r v a l s 
w i t h 0 . 0332 N h y d r o c h l o r i c a c i d t o a s c r e e n e d m e t h y l r e d end p o i n t . 
The i n d i c a t o r was p r e p a r e d by m i x i n g s o l u t i o n s o f 0 . 2 6 g . o f m e t h y l 
r e d i n 100 m l . o f e t h a n o l and 0 . 1 8 6 g . o f m e t h y l e n e b l u e i n 100 m l . o f 
e t h a n o l . To 5*005 g . ( 6 . 3 0 mmole) o f v i o m y c i n h y d r o c h l o r i d e (assumed 
m o l . w t . 798) was added 600 m l . o f aqueous b a r i u m h y d r o x i d e s o l u t i o n 
( s a t u r a t e d a t room t e m p e r a t u r e ) . The m i x t u r e was h e a t e d on a s team 
b a t h . The r a t e o f e v o l u t i o n o f v o l a t i l e base (ammonia) i s g i v e n i n 
T a b l e 8 and F i g u r e 7 . 
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Table 8. Moles of Ammonia L ibera ted from the Base Hydrolys is 
of Viomycin and Some Related Compounds. 








2:30 O.64 -• 
3:30 0.86 
4:00 0.12 0.53 • 
5:00 1.14 0.20 
6:00 0.90 






21:00 1.94 ^ • 
22:00 1.00 
22:30 2.15 
24:00 1.11 2.08 
25:00 0.02 
26:30 2.4O 







36:00 2.47 0.03 
42:00 0 .01 
46:00 2.88 1.77 
48:00 . 0.05 
48:30 1.81 2.58 
51:00 2.98 0.016 
54:00 1.91 
55:00 3.04 
70:00 3.24 0.07 
74:00 2.04 
77:00 2.75 
79:30 • 0 .08 
88:00 2.07 0.095 0.02 
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After hea t ing on the steam bath f o r 70 n r . , the above viomycin 
hydro lysa te was a c i d i f i e d to pH 1 wi th s u l f u r i c a c i d . The barium s u l ­
f a t e p r e c i p i t a t e was f i l t e r e d by g r a v i t y and washed with two 100-ml. 
po r t i ons of wa te r . The f i l t r a t e was t r e a t e d batchwise with IR-45(OH ) 
ion exchange r e s i n to pH 5 . 0 . The superna tan t l i q u i d was passed over 
an IR -45 (C1 ) ion exchange column con ta in ing 300 ml. of r e s i n . The 
column was washed with 600 ml. of wa te r . The e l u a t e was evaporated 
to about 20 ml. i n vacuo and lyopho l i zed . This gave 2.186 g. of t an 
s o l i d . Two dimensional papergrams i n d i c a t e d t h a t four main n inhydr in -
p o s i t i v e compounds were p r e s e n t . The Rp va lues obta ined were ( B A W / P W ) 
0 . 5 8 / 0 . 5 1 , 0 . 4 4 / 0 - 3 2 , 0 . 37 /0 .30 , and 0 . 2 4 / 0 . 1 0 . The Rp va lues f o r 
a l a n i n e , s e r i n e , p - l y s i n e , and diaminopropionic ac id were 0 . 5 8 / 0 . 5 2 , 
0 . 4 5 / 0 . 3 2 , 0 . 38 /0 .29 , and 0 .23 /0 .09 , r e s p e c t i v e l y . The IR -45 (0H") ion 
exchange r e s i n used in n e u t r a l i z i n g the above hydro lys i s was s t i r r e d 
wi th hydroch lor ic ac id s o l u t i o n to a pH 1 . The supe rna tan t l i q u i d 
was evaporated to about 20 ml. in vacuo, deco lo r ized with a c t i v a t e d 
charcoa l and evaporated t o dryness in vacuo. This gave 320 mg. of a 
brown gum. A papergram in PW showed t h a t four main n i n h y d r i n - p o s i t i v e 
compounds were p r e s e n t . The Rp va lues were 0 . 5 0 , 0-32, 0 .29 , and 0 . 1 0 . 
This r e s idue gave a nega t ive a n i l i n e b lue t e s t fo r o x a l i c ac id ( l 8 ) . 
The main hydro lysa te (2.186 g . ) was passed over an IRC-50(H +) ion 
exchange column con ta in ing 300 ml. of r e s i n . The column was washed with 
600 ml. of d i s t i l l e d wa te r . The e l u a t e was evaporated to about 20 ml. 
in vacuo and lyopho l i zed . This gave 1.858 g. of a tan g la s sy s o l i d . A 
papergram in PW i n d i c a t e d a l l the spots shown be fo re . The IRC-50(H +) 
column was washed with 1 N hydroch lor ic ac id u n t i l the e l u a t e was n inhydr in 
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n e g a t i v e . The e l u a t e was evaporated in vacuo and gave 280 mg. of a brown 
s o l i d . A papergram in PW i n d i c a t e d a main n i n h y d r i n - p o s i t i v e compound 
corresponding to a ,p-d iaminopropionic ac id and a minor compound c o r r e ­
sponding t o p - l y s i n e . The n e u t r a l f r a c t i o n (1.858 g.) was d i s so lved in 
18 ml. of water and app l i ed to t h i c k chromatography paper (Whatman No. 
17) in the r a t i o of 35 mg. per 12 cm. wide s t r i p . The chromatograms were 
developed in PW. a 0 .5 cm. wide s e c t i o n was cut from each s t r i p and 
sprayed with n i n h y d r i n . Al l the s e c t i o n s corresponding to the high R^ , 
spot (0.50) were cut and sewed t o g e t h e r in long s t r i p s connected with 
Whatman No. 1 paper. The long bridged sections were eluted with water by 
descending chromatography. The combined e l u a t e s were evaporated in vacuo 
t o about 15 ml. and lyopho l i zed . This gave 410 mg. of a l i g h t tan s o l i d . 
The value in PW of the p r e p a r a t i o n was 0 .52 . 
The above s o l i d was d i s so lved in 5 ml. of w a t e r . This s o l u t i o n 
was p i p e t t e d onto a column 2.0 cm. in diameter conta in ing 45 g. of 1:2 
acid-washed c e l i t e 545:Darco G-60 t h a t had been p r e t r e a t e d with t h r e e per 
cent o l e i c a c i d . The packed column was 50 cm. h igh . The column was e-
l u t e d with water (30 f r a c t i o n s of about 16 ml. each) . Papergrams on a l l 
f r a c t i o n s were developed in BAW and sprayed with n inhydr in r e a g e n t . F r a c ­
t i o n s 1-17 showed no n i n h y d r i n - p o s i t i v e s p o t s ; f r a c t i o n s 18-23 revea led 
a deep purple spot wi th the same R^ , as a l a n i n e , and f r a c t i o n s 24-30 showed 
a f a i n t purple spot of the same R ,^. F r a c t i o n s 18-23 were combined and 
evaporated in vacuo to about 15 ml. and lyopho l i zed . The white s o l i d ob­
t a i n e d weighed 238 mg. F r a c t i o n s 24-30 gave 32 mg. of a l i g h t brown s o l i d . 
25° 
A sample of the main f r a c t i o n of the unknown showed [ a ] ^ = 0.0° 
(c, 9.80, 5.0 N hydroch lor i c a c i d ) . The n . m . r . spectrum of the unknown in 
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d e u t e r i u m - o x i d e (TMS, e x t e r n a l s t a n d a r d ) ( c , 10%) showed peaks a t 6 . 22 T 
(1H, q u a r t e t , J - 7 . 5 c p s ) , and 8 . 5 6 T ( 3 . 1 H , d o u b l e t , J = 7.-5 c p s ) . 
The n . m . r . s p e c t r u m o f an a u t h e n t i c sample o f D L - a l a n i n e i n d e u t e r i u m 
o x i d e (DSS) ( C , 15%) showed peaks a t 6 . 22 T (1H, q u a r t e t , J = 7 . 5 c p s ) 
and 8 .55 T (3H, d o u b l e t , J = 7 . 5 c p s ) . 
The 2 , 4 - d i n i t r o p h e n y l d e r i v a t i v e o f t h e unknown was p r e p a r e d a c ­
c o r d i n g t o a g e n e r a l method f o r t h e p r e p a r a t i o n o f 2 , 4 - d i n i t r o p h e n y l a m i n o 
a c i d s ( 2 5 ) . To a s o l u t i o n o f 130 mg. ( 1 . 4 5 mmole) o f t h e ma in f r a c t i o n 
o f t h e unknown i n 10 m l . o f w a t e r was added 0 . 5 0 g . (5«95 mmole) o f s o ­
d i u m b i c a r b o n a t e . To t h i s s o l u t i o n was added 0 . 5 0 g . ( 2 . 6 7 mmole) o f 
2 , 4 - d i n i t r o f l u o r o b e n z e n e i n 10 m l . o f e t h a n o l . The y e l l o w s u s p e n s i o n was 
a l l o w e d t o s t a n d a t room t e m p e r a t u r e f o r two h o u r s w i t h o c c a s i o n a l s w i r l ­
i n g . The e t h a n o l was ' e v a p o r a t e d i n v a c u o and t h e m i x t u r e a c i d i f i e d w i t h 
h y d r o c h l o r i c a c i d . A y e l l o w s t i c k y p r e c i p i t a t e f o r m e d . The r e a c t i o n m i x ­
t u r e was k e p t i n t h e r e f r i g e r a t o r o v e r n i g h t and e x t r a c t e d w i t h f o u r 2 0 - m l . 
p o r t i o n s o f e t h e r . The e t h e r e x t r a c t s were d r i e d o v e r magnesium s u l f a t e 
and e v a p o r a t e d i n v a c u o . T h i s gave a y e l l o w gum. T h i s r e s i d u e was m i x e d 
w i t h 15 m l . o f w a t e r and e x t r a c t e d w i t h t h r e e 2 0 - m l . p o r t i o n s o f benzene 
t o remove 2 , 4 - d i n i t r o p h e n o l . The aqueous l a y e r was e v a p o r a t e d i n v a c u o 
a t a b o u t 4 0 ° • The y e l l o w r e s i d u e was r e c r y s t a l l i z e d f r o m w a t e r and gave 
12 mg. o f y e l l o w c r y s t a l s , m . p . 1 5 5 - 1 6 0 ° ( c o r r . ) . The 2 , 4 - d i n i t r o p h e n y l 
d e r i v a t i v e o f an a u t h e n t i c sample o f D L - a l a n i n e p r e p a r e d by t h e same m e t h ­
od showed m . p . 1 7 3 - 1 7 4 ° ( c o r r . ) . The i n f r a r e d s p e c t r u m o f t h e d e r i v a t i v e 
and t h a t o f t h e a u t h e n t i c sample , as p o t a s s i u m b r o m i d e p e l l e t s , were ' 
i d e n t i c a l . 
A n o t h e r sample o f v i o m y c i n h y d r o c h l o r i d e ( 1 . 2 4 0 g . , 1 . 55 mmole) 
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was hydroTyzed in 1 0 0 ml. of s a t u r a t e d barium hydroxide s o l u t i o n on a 
steam bath for 73 h r . The r e a c t i o n mixture was cooled to room tempera­
t u r e and . f i l t e r e d by g r a v i t y . The f i l t r a t e was passed over an IRC -50 (H + ) 
ion exchange column conta in ing 2 6 0 ml. of r e s i n . The column was washed 
with 6 0 0 ml. of water and the e l u a t e was evaporated to dryness in vacuo. 
The tan s o l i d obta ined weighed 6 8 6 mg. The s o l i d was s t i r r e d with two 
80-ml. p o r t i o n s of hot a b s o l u t e e thano l and the e thano l s o l u t i o n was evap­
ora ted to dryness in vacuo. The s o l i d r e s i d u e obtained was heated under 
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r e f l u x with 5 0 ml. of benzene f o r one hour. The benzene suspension was 
cen tr i fuged and concentrated to about 5 ml. The s o l u t i o n was cooled and 
the r e s u l t i n g l i g h t tan s o l i d was c o l l e c t e d . Af ter drying in a i r i t 
weighed 4 mg., m.p. 1 4 4 - 1 5 0 ° ( d e c ) . A- papergram on the unknown, p y r r o l e -
2 - c a r b o x y l i c a c i d , and p y r r o l e - 3 - c a r b o x y l i c ac id was run in n-BAW. The 
chromatogram was sprayed with E r h l i c h ' s r e a g e n t . The unknown and p y r r o l e -
2 - c a r b o x y l i c ac id showed one purple spot each, R^  0 . 7 4 , p y r r o l e - 3 - c a r b o x -
y l i c ac id revea led one blue spot , R^ , 0 . 7 0 . 
The i n f r a r e d s p e c t r a of p y r r o l e - 2 - c a r b o x y l i c a c i d and the unknown 
as potassium bromide p e l l e t s were i d e n t i c a l . The u l t r a v i o l e t spectrum of 
the unknown compound in 9 5 per cent e thano l s o l u t i o n showed ^ m a x 2 6 2 mu, 
e , 1 0 , 0 0 0 . The spectrum of p y r r o l e - 2 - c a r b o x y l i c ac id showed ^ m a x 26l mu, 
e, 1 1 , 0 0 0 ( 1 1 ) . 
A s o l u t i o n of 1 . 0 5 0 g. ( 1 . 2 4 mmole) of viomycin s u l f a t e in 1 0 0 ml. 
of the s a t u r a t e d barium hydroxide s o l u t i o n was heated on a steam bath un­
der r e f l u x for 3 days . The r e a c t i o n mixture was cooled to room tempera­
t u r e and a c i d i f i e d with s u l f u r i c a c i d . To the suspension was added 1 0 0 
ml. of water and about 1 0 0 ml. of so lvent was d i s t i l l e d . The d i s t i l l a t e 
'1 
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w a s t i t r a t e d w i t h 0 . 0 2 5 5 N p o t a s s i u m h y d r o x i d e s o l u t i o n p H 7 . 4 - 2 ( 1 0 . 5 0 
m l . , o r 0 . 2 5 1 m e q . o f b a s e w a s n e e d e d ) . T h e n e u t r a l s o l u t i o n w a s e v a p ­
o r a t e d t o a b o u t 1 0 m l . i n v a c u o a n d l y o p h o l i z e d . T h e w h i t e s o l i d o b - • 
t a i n e d w a s d r i e d f u r t h e r i n a v a c u u m d e s i c c a t o r o v e r n i g h t a n d w a s f o u n d 
t o w e i g h 2 5 m g . T h e n . m . r . s p e c t r u m o f t h e s o l i d i n d e u t e r i u m o x i d e 
( D S S ) ( c , 6 % ) s h o w e d o n e s h a r p p e a k 8 . 1 7 T ( s i n g l e t ) . A n a u t h e n t i c s o ­
d i u m a c e t a t e s o l u t i o n i n d e u t e r i u m o x i d e ( D S S ) ( C , 6 % ) s h o w e d o n e p e a k 
8 . 1 3 T ( s i n g l e t ) . 
A b l a n k h y d r o l y s i s w a s c a r r i e d o u t i n t h e s a m e w a y a n d t h e d i s ­
t i l l a t e w a s t i t r a t e d w i t h p o t a s s i u m h y d r o x i d e t o p _ H 7 . 4 2 . O n l y 0 . 0 0 6 9 
m e q . o f b a s e w a s r e q u i r e d . . 
B a r i u m H y d r o x i d e H y d r o l y s i s o f U r e a 
T h e h y d r o l y s i s o f a s o l u t i o n o f 5 2 1 m g . ( 8 . 7 0 m m o l e ) o f u r e a i n 
5 0 0 m l . o f s a t u r a t e d b a r i u m h y d r o x i d e w a s c a r r i e d o u t t h e s a m e - w a y a s 
t h e h y d r o l y s i s o f v i o m y c i n . T h e r e s u l t s a r e s h o w n i n T a b l e 8 a n d F i g ­
u r e 7 . 
B a r i u m ' H y d r o x i d e H y d r o l y s i s o f a i f f - D i a m i n o p r o p i o n i c A c i d 
H y d r o c h l o r i d e 
A s o l u t i o n o f 1 . 0 2 3 g . ( 7 . 3 0 m m o l e ) o f a , p - d i a m i n o p r o p i o n i c a c i d 
h y d r o c h l o r i d e i n 5 0 0 m l . o f s a t u r a t e d b a r i u m h y d r o x i d e w a s h y d r o l y z e d u n ­
d e r t h e s a m e c o n d i t i o n a d o p t e d f o r t h e h y d r o l y s i s o f v i o m y c i n . T h e r e ­
s u l t s a r e s h o w n i n T a b l e 8 a n d F i g u r e 7 . 
B a r i u m H y d r o x i d e H y d r o l y s i s o f S e r i n e 
A s o l u t i o n o f 1 . 0 2 0 g . ( 9 - 7 2 m m o l e ) o f s e r i n e i n 5 0 0 m l . o f s a t ­
u r a t e d b a r i u m h y d r o x i d e w a s h y d r o l y z e d t h e s a m e w a y a s t h a t o f v i o m y c i n . 
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The r e s u l t s a r e shown i n Tab le 8 and F i g u r e 7 . A f t e r h y d r o l y s i s f o r f o u r 
days t h e ' r e a c t i o n m i x t u r e was a c i d i f i e d w i t h s u l f u r i c a c i d t o pH 1 . The 
b a r i u m s u l f a t e was removed by f i l t r a t i o n and t h e f i l t r a t e was t r e a t e d 
b a t c h w i s e w i t h I R -45 ( O H ) r e s i n u n t i l t h e pH r o s e t o $ . 0 . The s u p e r n a ­
t a n t l i q u i d was e v a p o r a t e d t o a b o u t 1 0 m l . i n v a c u o . A p a p e r g r a m a n a l y ­
s i s of t h i s p r o d u c t i s g i v e n b e l o w . The i n t e n s i t y of t h e low R„ s p o t was 
Compound (BAW) (PW) B^ (n-BAW) N i n h y d r i n 
S e r i n e 0 . 5 4 
A l a n i n e \ 0 . 6 6 
Unknown 0 . 5 4 
0 . 6 6 
a b o u t f i v e t i m e s t h a t of t h e h i g h R- s p o t . 
0 . 2 3 0 . 0 6 P u r p l e 
O . 4 6 0 . 1 3 P u r p l e 
0 . 2 3 0 . 0 6 P u r p l e 
O . 4 6 0 . 1 3 P u r p l e 
CHAPTER I I I 
DISCUSSION OF RESULTS 
Synthes is and P r o p e r t i e s of Some P y r r o l i d i n e Amino Acids 
Previous workers in jbhis l a b o r a t o r y (11,13) .had proposed s t r u c ­
t u r e s IV, V, and VI I I fo r the s t r u c t u r e of v iomycidine, the guanido 
amino ac id p re sen t i n the ac id hydro lysa te of viomycin. There was some 
u n c e r t a i n t y about the p o s i t i o n s of the f u n c t i o n a l groups, but i t was con­
s idered c e r t a i n t h a t viomycidine had the A 1 - p y r r o l i n e r ing s t r u c t u r e . 
I t was a l s o thought p o s s i b l e t h a t hydrogenation of viomycidine under 
proper c o n d i t i o n s , followed by barium hydroxide hyd ro lys i s of the guan i ­
dine func t ion to an amino group, would produce a p y r r o l i d i n e amino a c i d . 
With t h i s in mind, the syntheses of s e v e r a l p y r r o l i d i n e amino ac id s were 
undertaken so t h a t t h e i r p r o p e r t i e s could be s tud ied and t h e i r i d e n t i t y 
or n o n - i d e n t i t y could be compared wi th those of dihydroviomycidine and 
those of the amino ac id which would be obta ined from the ba s i c hydro lys i s 
of the l a t t e r . 
A proposed s y n t h e t i c sequence f o r t r a n s - 4 - a m i n o p y r r o l i d i n e - 2 -
carboxyl ic a c i d "(XIV) i s shown below. Decarboxylat ion of the malonic 
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NO N 0 9 
H0GH 2 —CH~CH 2 —OH ^ U ± ? ^ C I C H g — C H - C & j — C l 
IX X 
X I I I XIV 
a c i d d e r i v a t i v e r e s u l t i n g f r o m X I I w o u l d be e x p e c t e d t o y i e l d p r e p o n ­
d e r a n t l y t h e t h e r m o d y n a m i c a l l y more s t a b l e t r a n s i s o m e r X I I I . 
2 - N i t r o - 1 , 3 - p r o p a n e d i o l ( I X ) was p r e p a r e d f r o m f o r m a l d e h y d e and 
n i t r o m e t h a n e , u s i n g t h e method o f Den O t t e r ( 2 1 ) . A l l a t t e m p t s t o p r e ­
p a r e 2 - n i t r o - l , 3 - d i c h l o r o p r o p a n e ( x ) f r o m 2 - n i t r o - l , 3 - p r o p a n e d i o l ( I X ) 
were u n s u c c e s s f u l . When a s u s p e n s i o n o f 2 - n i t r o - l , 3 - p r o p a n e d i o l i n 
benzene was t r e a t e d w i t h t h i o n y l c h l o r i d e , a c r y s t a l l i n e compound was 
r e a d i l y o b t a i n e d i n 76 p e r c e n t y i e l d . E l e m e n t a l a n a l y s i s f a i l e d t o 
show t h e p r e s e n c e o f c h l o r i n e ; t h e d a t a were c o n s i s t e n t w i t h t h e f o r ­
mula C^HcNOcS f o r t h e compound. The i n f r a r e d s p e c t r u m showed i m p o r t a n t 
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bands a t 6 . 4 0 , 7 - 4 1 , and 8 . 5 2 | i . Bellamy ( 3 3 ) s t a t e s t h a t the C - N 0 2 
group absorbs in the region 6 . 3 6 to 6 . 6 6 |JL and 7 . 3 0 t o 7 . 6 9 and the 
d i a l k y l s u l f i t e S —0 group absorbs in the region 8 . 2 3 to 8 . 7 0 [i. Thus, 
these r e s u l t s i n d i c a t e t h a t a condensat ion r e a c t i o n of one mole of 2 -
n i t r o - 1 , 3 - p r o p a n e d i o l ( I X ) and one mole of t h i o n y l ch lo r ide had occurred 
to form the c y c l i c s u l f i t e e s t e r , 4 - n i t r o - 2 , 6 - d i o x a t e t r a h y d r o t h i a p y r a n -
l -oxide(XV). The nuc lea r magnetic resonance spectrum of XV in d e u t e r i o -
f-2 




acetone showed a complex s e r i e s of abso rp t ions between 4 • 5 0 and 5 . 4 0 T . 
The spectrum was complicated because the pro tons of the methylene groups 
a r e not equ iva len t and the absorp t ions of the methylene protons a r e c lose 
to t h a t of the methine p ro ton . I t i s not known i f the compound i s o l a t e d 
i s the c i s or the t r a n s isomer. 
In ano ther a t tempt t o ob ta in a 2 - s u b s t i t u t e d 1 , 3 - d i c h l o r o p r o p a n e , 
2 - n i t r o - l , 3 - p r o p a n e d i o l ( I X ) was hydrogenated i n 9 5 per cent e t hano l , 
us ing plat inum on carbon c a t a l y s t . The o i l y p roduc t , obta ined in 9 9 per 
cent y i e l d , could not be c r y s t a l l i z e d . The i n f r a r e d spectrum of the crude 
product i n d i c a t e d t h a t the n i t r o group had been completely reduced to the 
amino group. Attempts to r ep lace the hydroxyl groups wi th ch lo r ide groups 
were a l s o unsuccess fu l . The crude o i l was then a c e t y l a t e d wi th cold 
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a c e t i c anhydride in 50 per cent e t h a n o l . This produced 2 - a c e t a m i d o - l , 3 -
propanedio l , XVI, in 40 per cent y i e l d . The a n a l y t i c a l da ta were c o n s i s t ­
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XVI 
showed important absorp t ions a t 2.90 (amide N-H and 0-H), 6.15 (amide 
C=0), and 6.50 u (amide N-H). The nuc lea r magnetic resonance spectrum 
in deuterium oxide showed a s i n g l e t a t 7 . 9 8 T (3H) f o r the a c e t y l hydro­
gens and a complicated s e r i e s of peaks from 5.9 to 6.6 T (5H) fo r the 
carbon-bound hydrogens. The bands a re complicated because the protons , 
of the methylene groups a re nonequivalent and the abso rp t i ons a r e c lose 
t o g e t h e r . 
Attempts to r ep l ace the hydroxyl groups of XVI by c h l o r i n e atoms 
f a i l e d to give any i d e n t i f i a b l e c h l o r i n e - c o n t a i n i n g compound. When the 
acetamido compound (XVl) was r eac t ed wi th p - t o luenesu l fony l ch lo r ide in 
pyr id ine in an e f f o r t to prepare the 1 , 3 - b i s - t o s y l d e r i v a t i v e , a brown 
o i l was obta ined which could not be p u r i f i e d . The i n f r a r ed spectrum of 
the crude product i n d i c a t e d , unexpectedly , a mixture of acetamido and 
a c e t y l carbonyl groups . 
The crude 2 -amino- l ,3 -p ropaned io l was next r e a c t e d . w i t h p - t o l u e n e ­
su l f onyl ch lo r ide in p y r i d i n e . The i n f r a r ed spectrum of the c r y s t a l l i n e 
product , obta ined in 4 9 per cent y i e l d , showed t y p i c a l sulfonamide and s u l ­
fonate e s t e r bands a t 7 . 4 O and 8.60 u , r e s p e c t i v e l y . A n a l y t i c a l da ta were 
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c o n s i s t e n t wi th the formula C^H^NOgS^ and the p r o d u c t was a s s i g n e d the 
s t r u c t u r e t r i - p - t o l u e n e s u l f o n y l - 2 - a m i n o - l , 3 - p r o p a n e d i o l ( X V I l ) . 
6 , . 
A c o n d e n s a t i o n of XVII with sodium d i e t h y l a m i n o m a l e n a t e i n b o i l ­
i n g benzene was a t t e m p t e d i n an e f f o r t to p r e p a r e a compound which, on 
a c i d h y d r o l y s i s , would l e a d to t r a n s - 4 — a m i n o p y r r o l i d i n e - 2 - c a r b o x y l i c 
a c i d ( X I V ) . - The c o n d e n s a t i o n was u n s u c c e s s f u l and no i d e n t i f i a b l e p r o d ­
u c t was o b t a i n e d . 
c i s - 4 - A m i n o p y r r o l i d i n e - 2 - c a r b o x y l i c a c i d (XX.Il) was s u c c e s s f u l l y 
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hydrogenat ion of XXI would be expected to y i e l d preponderant ly the c i s 
isomer, XXII. 
The numbers on the s t r u c t u r e s above (and in the remainder of t h i s 
chapter ) r e f e r to data obta ined from nuc lea r magnetic resonance spec t r a 
of these compounds as evidence f o r t h e i r c o r r e c t s t r u c t u r e s . The small 
l e t t e r s r e f e r to the m u l t i p l i c i t y of the peaks (s = s i n g l e t , d = doub le t , 
t -"' t r i p l e t , q = q u a r t e t , m = m u l t i p l e t , and pm = poor ly reso lved m u l t i ­
p l e t ) ; the coupling cons tan t , J , i s given in cycles per second. 
Ethyl 4 - n i t r o p y r r o l e - 2 - c a r b o x y l a t e (XX) was prepared by r e a c t i n g 
sodium n i t romalon ic aldehyde (XVIIl) with g lyc ine e t h y l e s t e r (XIX) 
water (23) . The e s t e r (XX) was hydrolyzed in 20 per cent potassium hy­
droxide s o l u t i o n and the t an 4 - n i t r o p y r r o l e - 2 - c a r b o x y l i c ac id (XXl) was 
r e c r y s t a l l i z e d from g l a c i a l a c e t i c a c i d . The ac id (XXl) decomposes 
s l i g h t l y on hea t ing and care was taken not to overheat the compound on 
r e c r y s t a l l i z a t i o n . The pure c o l o r l e s s s o l i d had m.p. 217° . The n i t r o 
ac id had p rev ious ly been hydrogenated, us ing a rhodium c a t a l y s t on a l u ­
mina a t room temperature and atmospheric p r e s su re ( 9 ) . The hydrogena­
t i o n gave c i s -4 - aminopyr ro l i d ine -2 -ca rboxy l i c ac id in about seven per 
cent y i e l d . The low y i e l d of the pure amino ac id made i t d e s i r a b l e fo r 
the syn thes i s to be r e i n v e s t i g a t e d in an a t tempt to ob ta in c i s -4 -amino-
p y r r o l i d i n e - 2 - c a r b o x y l i c ac id (XXIl) i n b e t t e r y i e l d . 
Since py r ro l e n u c l e i a r e not e a s i l y reduced (34) and s ince im­
p u r i t i e s poison the c a t a l y s t , reducing the hydrogenat ion y i e l d , a h i g h ­
ly p u r i f i e d sample of the s t a r t i n g m a t e r i a l was neces sa ry . F re sh ly r e ­
c r y s t a l l i z e d 4 - n i t r o p y r r o l e - 2 - c a r b o x y l i c ac id was hydrogenated in 
r e d i s t i l l e d g l a c i a l a c e t i c ac id a t 50 ps ig and room tempera ture , us ing 
rhodium on alumina c a t a l y s t . The black s o l u t i o n obta ined was evaporated 
to d ryness , n e u t r a l i z e d wi th IR -45 (0H ) r e s i n , and then converted t o the 
hydrochlor ide s a l t by ion exchange t r ea tmen t , u s i n g , a column of IR-45(C1 ) . 
The aqueous s o l u t i o n was deco lo r i zed , us ing charcoal and evaporated t o 
d rynes s . This gave a p a r t i a l l y c r y s t a l l i n e brown S o l i d . 
The res idue was r e c r y s t a l l i z e d d i r e c t l y from wa te r - e thano l and 
gave c i s -4 - a m i n o p y r r o l i d i n e - 2 - c a r b o x y l i c ac id hydrochlor ide in 35 per 
cent y i e l d . The amino ac id had pK va lues of 6.60 and 9 .95 in water (24) 
a 
[ t h e d i s s o c i a t i o n cons tan t fo r the carboxyl ic ac id group was not determined 
p r o l i n e has pK values 1.99 and 10.60 in water (25)1 * The pK value 6.60 
a a 
i s due to the primary amino group and pK value 9-95 i s due to the s e c -
a 
ondary amino f u n c t i o n . The above pK v a l u e s , the a n a l y t i c a l d a t a , the i n -
a 
f r a r ed spectrum (F ig . l ) , and the nuc lea r magnetic resonance spectrum 
(Fig . 2) were c o n s i s t e n t wi th c i s - 4 - a m i n o p y r r o l i d i n e - 2 - c a r b o x y l i c a c i d 
as the s t r u c t u r e of the p roduc t . The amino ac id obta ined i s probably the 
c i s isomer because c a t a l y t i c r educ t ion of the p y r r o l e nucleus would be 
expected to proceed in such a way t h a t the two groups would end up on 
the same s ide of the r i n g . 
The amino ac id was f u r t h e r c h a r a c t e r i z e d by t h r e e h ighly c r y s t a l ­
l i n e d e r i v a t i v e s : the K.,N'-dibenzpylr , m.p. 177-17& 0 , the . N > . N ' - b i s - ^ -
d i n i t r o p h e n y l - , m.p. 2 4 5 - 2 4 . 3 ° , and the b i s - 2 , 4 ^ d i n i t r o - l - n a p h t h o l - 7 -
su l fona te s a l t . m.p. 250-255°. 
c i s -3 -Aminopyr ro l i d ine -2 -ca rboxy l i c ac id (XXVl) was syn thes ized 
by the sequence of r e a c t i o n s shown below. P y r r o l e - 2 - c a r b o x y l i c ac id 
(XXIII) was prepared and p u r i f i e d us ing the method of Maxim and h i s c o ­
workers (26) . Using the method of Ciamician and S i l b e r (27) , pure 
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> p y r r o l e - 2 - c a r b o x y l i c ac id (XX'IIl) was t r e a t e d wi th a c e t i c anhydride to 
form py roco l l (XXIV). 
3.74. T 3 .21 T 
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I t had been r epor t ed in the l i t e r a t u r e t h a t pure 3 - n i t r o p y r r o l e -
2-ca rboxyl ic ac id (XXV) ( l i t . m.p. 14& 0) could be prepared by the n i t r a ­
t i o n of p y r o c o l l (XXIV) wi th n i t r i c ac id ( sp . g r . 1.50) by a b r i e f warm­
ing of the r e a c t i o n mixture (23) . This r e a c t i o n was i n v e s t i g a t e d . Ins tead 
of ob ta in ing pure 3 - n i t r o p y r r o l e - 2 - c a r b o x y l i c a c i d , a mixture of 3 - and 
4 - n i t r o p y r r o l e - 2 - c a r b o x y l i c a c i d s was ob ta ined . The composition of the 
mixture was es t imated from a n a l y s i s of the nuc lea r magnetic resonance 
spectrum (see below) of the mixture to be about 1 : 1 . The r e a c t i o n was 
then i n v e s t i g a t e d under d i f f e r e n t c o n d i t i o n s ; the l eng th of the r e a c t i o n 
t ime, the t empera ture , and the dens i t y of the n i t r i c ac id reagent used 
were v a r i e d . The r a t i o of the two isomers obta ined in each run was d e ­
termined from a n a l y s i s of the nuc lea r magnetic resonance spectrum of 
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t h e m i x t u r e o b t a i n e d . 
The r e a c t i o n a t room t e m p e r a t u r e w i t h a 1 : 1 m i x t u r e o f c o n c e n t r a ­
t e d n i t r i c a c i d ( s p . g r . 1 . 4 2 ) and f u m i n g n i t r i c ( s p . g r . 1 . 5 9 ) o v e r ­
n i g h t was f o u n d t o g i v e t h e b e s t o v e r a l l y i e l d ( 4 2 p e r c e n t ) and l a r g e s t 
amount o f t h e 3 - n i t r o i s o m e r (66 p e r c e n t o f t h e m i x t u r e ) . The c r u d e 
p r o d u c t m e l t e d a t 1 4 5 - 1 5 0 ° [ H a l e and H o y t (23) r e p o r t a m e l t i n g range o f 
1 4 0 - 1 4 6 ° f o r t h e i r c r u d e n i t r a t i o n p r o d u c t ] . 
Ha le and H o y t (23) d e t e r m i n e d t h e s t r u c t u r e o f t h e n i t r o p y r r o l e - 2 -
c a r b o x y l i c a c i d t h e y o b t a i n e d by t h e r m a l d e c a r b o x y l a t i o n , w h i c h gave p -
n i t r o p y r r o l e . The i s o l a t i o n o f { J - n i t r o p y r r o l e , and no a - n i t r o p y r r o l e , 
showed t h a t 5 - n i t r o p y r r o l e - 2 - c a r b o x y l i c a c i d was p r o b a b l y n o t p r e s e n t i n 
s i g n i f i c a n t amounts i n t h e n i t r a t i o n p r o d u c t t h a t H a l e and H o y t o b t a i n e d , 
t h i s r e s u l t , h o w e v e r , does n o t i d e n t i f y t h e p r o d u c t t h e y o b t a i n e d as 3 -
o r 4 - n i t r o p y r r o l e - 2 - c a r b o x y l i c a c i d o r a m i x t u r e o f t h e t w o . The p r e s e n t 
w o r k i n d i c a t e s t h a t a m i x t u r e o f p r o d u c t s r e s u l t s , whose c o m p o s i t i o n d e ­
pends p a r t l y on t h e r e a c t i o n c o n d i t i o n s . 
The n u c l e a r m a g n e t i c r e s o n a n c e s p e c t r u m o f t h e c r u d e n i t r a t i o n 
p r o d u c t i n d e u t e r i u m o x i d e s o l u t i o n r e v e a l e d a b s o r p t i o n s a t 2 . 0 1 t 
( d o u b l e t , J = 1 . 8 c p s , 4 . 8 s q u a r e s ) , a t 2 . 6 7 T and 2 . 6 9 T ( d o u b l e t , J -
4«5 c p s , and d o u b l e t , J = 1 . 8 c p s , 1 3 . 0 s q u a r e s t o t a l ) and a t 3 . 1 0 1 
( d o u b l e t , J = 4 . 5 c p s , 9 . 1 s q u a r e s ) . I n o r d e r t o d e t e r m i n e t h e r a t i o o f 
t h e two i s o m e r s , t h e a b s o r p t i o n p o s i t i o n s o f t h e p r o t o n s must be a s s i g n e d 
t o b o t h compounds. I t was p r e v i o u s l y i n d i c a t e d t h a t t h e a b s o r p t i o n p o s i ­
t i o n s o f p u r e 4 - n i t r o p y r r o l e - 2 - c a r b o x y l i c a c i d ( X X l ) were 2 . 0 1 T f o r - t h e 
a - h y d r o g e n and 2 . 6 9 1 f o r t h e p - h y d r o g e n , J - 1 . 8 c p s . T h i s l e a v e s t h e 
a b s o r p t i o n v a l u e s 2 . 6 7 1 and 3 . 1 0 % f o r t h e 3 - n i t r o i s o m e r and c l e a r l y 
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i n d i c a t e s t h e 2.67 T a b s o r p t i o n p o s i t i o n f o r t h e a - h y d r o g e n and t h e 3.10 T 
a b s o r p t i o n p o s i t i o n f o r t h e p - h y d r o g e n . The r a t i o o f t h e a r e a s o f t h e a -
h y d r o g e n i n t h e 3 - i s o m e r t o t h a t o f t h e p - h y d r o g e n i n t h e 4—isomer was 
9.1 t o 4»8. These d a t a i n d i c a t e t h a t t h e c r u d e n i t r a t i o n p r o d u c t was com-
posed o f a b o u t 66 p e r c e n t o f 3 - n l t r o p y r r o l e - 2 - c a r b o x y l i c a c i d (XXV) and 
a b o u t 34- p e r c e n t o f 4 - n i t r o p y r r o l e - 2 - c a r b o x y l i c a c i d ( X X l ) . 
The a b s o r p t i o n v a l u e a s s i g n e d t o t h e C^-H i n p y r r o l e - 2 - c a r b o x y l i c 
a c i d ( X X I I I ) ( 3 5 ) ' ' i s 3 .01
 T and t h a t T o r ; t h e C^-H i n 4 - n i t r o p y r r o l e - 2 -
c a r b o x y l i c a c i d ( X X l ) i s 2.01 The v a l u e f o r C^-H i n ( X X I I l ) i s 3-74 T 
a n d t h a t f o r C . - H i n 3 - n i t r o p y r r o l e - 2 - c a r b o x y l i c a c i d (XXV) i s 3 . 1 0 T . 
4 
These d a t a i n d i c a t e t h a t t h e d i a m a g n e t i c a n i s o t r o p i c e f f e c t o f a p - n i t r o 
g r o u p on an a - h y d r o g e n o f a p y r r o l e i s a b o u t 1.00 ppm, and t h a t o f a | -
n i t r o g r o u p on a p ' - h y d r o g e n o f a p y r r o l e i s a b o u t O . 6 4 ppm. The d i f ­
f e r e n c e be tween t h e C^-H i n ( X X I I l ) and t h e C^-H i n ( X X I I ' l ) i s 0.53 ppm, 
w h i c h s u g g e s t s t h a t t h e d i a m a g n e t i c a n i s o t r o p i c e f f e c t o f an a - c a r b o x y l 
g r o u p on a p - h y d r o g e n i s a b o u t 0.52 ppm. 
2.69 T 3.10 T 
(d,J=1.8) n n/ _ Q on _ T - I c 
H 
3.21 T ( d > J = 4 . 5 ) 
H H NO 
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C0 pH H 
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(d,J=4-5) ft 
X X I X X I I I XXV 
The c o u p l i n g c o n s t a n t s f o r p y r r o l e - - 2 - c a r b o x y l i c a c i d ( X X I I l ) a r e : 
^ =1.6, ^ =2.6, and ^ = 3*7 c p s . I n g e n e r a l , p y r r o l e s show 
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J 0 . = 2 . 0 - 2 . 6 , J 0 . , = 1 . 5 - 2 . 2 , J 0 _ = 1 . 8 - 2 . 3 , and J Q . = 2 . 8 - 4 - 0 cps 
<c,j? ^ , 4 . 2 , 4 
( 3 5 ) . The v a l u e Jo r - 1*8 cps f o r 4 - n i t r o p y r r o l e - 2 - c a r b o x y l i c a c i d 
( X X l ) i s c o n s i s t e n t w i t h t h e above d a t a b u t t h e v a l u e J ,
 K - 4 - 5 cps f o r 
4 , J 
t h e 3 - n i t r o compound (XXV) i s u n u s u a l l y l a r g e . T h i s v a l u e i s c l o s e r t o 
t h a t f o r p , p ' c o u p l i n g ( j ^ ^ ) , as: m i g h t be e x p e c t e d f o r 5 - n i t r o p y r r o l e -
2 - c a r b o x y l i c a c i d . T h a t t h e compound o b t a i n e d i s 3 - , and n o t 5 - n i t r o p y r -
r o l e - 2 - c a r b o x y l i c a c i d i s shown b y t h e f a c t t h a t H a l e and H o y t (23) d e -
c a r b o x y l a t e d t h e s u b s t a n c e , w h i c h g a v e , a t l e a s t p r e d o m i n a n t l y , p - n i t r o -
p y r r o l e . I n a d d i t i o n , as d e s c r i b e d b e l o w , t h e s u b s t a n c e was r e d u c e d and 
gave c i s - 3 - a m i n o p y r r o l i d i n e - 2 - c a r b o x y l i c a c i d ( 5 - a m i n o p y r r o l i d i n e - 2 - c a r -
b o x y l i c a c i d , b e i n g t h e n i t r o g e n a n a l o g o f an a l d e h y d e h y d r a t e , w o u l d 
n o t be e x p e c t e d t o be s t a b l e ) , w h i c h was c h a r a c t e r i z e d b y an a n h y d r o 
d i b e n z o y l d e r i v a t i v e , c h a r a c t e r i s t i c o f p - a m i n o a c i d s . 
The c r u d e n i t r a t i o n m i x t u r e was r e c r y s t a l l i z e d t h r e e t i m e s f r o m 
benzene ( m . p . I 4 6 - I 4 8 0 ) and t h e n u c l e a r m a g n e t i c r e s o n a n c e s p e c t r u m o f 
t h e p r o d u c t was a n a l y z e d . The s p e c t r u m r e v e a l e d t h e p r e s e n c e o f 95 p e r 
c e n t 3 - n i t r o p y r r o l e - 2 - c a r b o x y l i c a c i d and f i v e p e r c e n t 4 - n i t r o p y r r o l e -
2 - c a r b o x y l i c a c i d . The p u r i f i e d 3 - n i t r o p y r r o l e - 2 - e a r b o x y l i c a c i d (XXV) 
was h y d r o g e n a t e d i n r e d i s t i l l e d g l a c i a l a c e t i c a c i d a t room t e m p e r a t u r e 
and 50 p s i g , u s i n g a r h o d i u m on a l u m i n a c a t a l y s t . The h y d r o g e n a t e d p r o d ­
u c t c o u l d n o t be c r y s t a l l i z e d because o f i t s h y g r o s c o p i c n a t u r e . How­
e v e r , t h e i n f r a r e d s p e c t r u m ( F i g . 3 ) and t h e n u c l e a r m a g n e t i c r e s o n a n c e 
s p e c t r u m ( F i g . 4 ) o f t h e c r u d e p r o d u c t were c o n s i s t e n t w i t h t h e s t r u c t u r e 
(XXVl ) f o r c i s - 3 - a m i n o p y r r o l e - 2 - c a r b o x y l i c a c i d . The amino a c i d was 
c h a r a c t e r i z e d by a h i g h l y c r y s t a l l i n e d e r i v a t i v e , t h e b i s - 2 , 4 - d i n i t r o -
n a p h t h o l - 7 - s u l f o n a t e s a l t , m . p . 2 2 9 - 2 3 1 ° . 
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When t h e amino a c i d was t r e a t e d w i t h , b e n z o y l c h l o r i d e i n s o d i u m 
h y d r o x i d e s o l u t i o n , i n an e f f o r t t o o b t a i n t h e N , N ' - d i b e n z o y l d e r i v a t i v e , 
a p r e c i p i t a t e was i n s t a n t l y f o r m e d , u n e x p e c t e d l y , i n t h e b a s i c medium. 
E l e m e n t a l a n a l y s i s o f t h e c r y s t a l l i n e d e r i v a t i v e , o b t a i n e d i n 6 7 p e r cen t 
y i e l d , i n d i c a t e d a m o l e c u l a r f o r m u l a o f C ; L 9 % 6 ^ 2 G 3 ' ° n e m o - ^ e c u - ' - e ° ^ w a t e r 
l e s s t h a n t h e f o r m u l a a n t i c i p a t e d f o r t h e N , N ' - d i b e n z o y l d e r i v a t i v e . I t 
i s r e p o r t e d i n t h e l i t e r a t u r e t h a t b e n z o y l a t i o n o f m a n y ' p - a m i n o a c i d s 
g i v e b e n z o y l d e r i v a t i v e s t h a t a r e e a s i l y d e h y d r a t e d t o s t a b l e o x a z i n e s 
( 3 5 , 3 7 ) . A c c o r d i n g l y , and i n a g r e e m e n t w i t h t h e a n a l y t i c a l d a t a o b t a i n e d , 
t h e d i b e n z o y l d e r i v a t i v e was a s s i g n e d s t r u c t u r e ( X X V I l ) . T h i s r e s u l t 
f u r t h e r i n d i c a t e d t h a t t h e c a r b o x y l i c a c i d g r o u p and t h e amino g r o u p i n 
t h e amino a c i d (XXVl ) a r e c i s , as was a n t i c i p a t e d f r o m t h e c a t a l y t i c r e ­
d u c t i o n . The a s s i g n m e n t o f t h e peaks o b s e r v e d i n t h e n u c l e a r m a g n e t i c 
r e s o n a n c e s p e c t r u m o f a t r i f l u o r o a c e t i c a c i d s o l u t i o n o f • X X V I I a r e shown 
b e l o w . 
N
=
C — C , H . 
^ 6 5 
6 . 7 8 T H 2 
(pm) 
X X V I I 
I t has been r e p o r t e d t h a t p r o l i n e can be o x i d i z e d by p e r i o d a t e 
i o n i n t h e p r e s e n c e o f m e r c u r i c c h l o r i d e t o g i v e t h e m e r c u r i c c h l o r i d e 
complex o f A 1 - p y r r o l i n e ( 3 8 ) . A p l a n t o s y n t h e s i z e one of t h e p r o p o s e d 
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S T R U C T U R E S F O R V I O M Y C I D I N E ( V I I L ) W A S P R O P O S E D A S S H O W N B E L O W . 
r V C 0 2 C 2 H 5 
K — - H 
C 2 H 5 0 2 O - J F H 
° 2 C 2 H 5 
X X V I I I 
H C — C O - C - H , 
2 2 5 N a \ 
X X I X 
/ ° 2 C 2 H 5 
C 0 2 C 2 H 5 
C 0 2 C 2 H 5 
X X X 
J A B - 1 0 ' ° 
J A C = 3 * ° 
J B C = 1 8 - 5 
H B 6 . 9 8 T 
- H C 7 . 5 7 T 
R H A 5 . 3 0 T 
N ^ > C ° 2 C H 2 C H ^ 
C ~ 0 $ . 9 0
 T 8 . 7 8 T 
Q ( Q , J = 7 . 7 ) ( T , J = 7 . 5 ) 
I 
C H 2 $ . 8 6 T ( Q , J = 7 . 8 ) 





X X X I 
+ 
Q 2 C 2 H 5 
„ C 0 O H H 7 . 6 7 T ( P M ) 
5 . 8 3 T ( P M ) 
X X X I I I 
H N H 
I II 
N — C — N H , 
N C 
1 
H ^ H ° 2 C 
C 0 2 C 2 H $ 
C 0 2 C 2 H $ 
H N H 
i I 
N — C — N H , 
1 0 
H N H 
N - < — - C — N H 0 
L 
H G C L , 
C 0 2 H ' 
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1 , 2 - D I C A R B E T H O X Y - 4 - P Y R R O L I D O N E ( X X X L ) WAS P R E P A R E D F R O M N - C A R B E T H O X Y -
G L Y C I N E E T H Y L E S T E R ( X X V I I L ) A N D D I E T H Y L F U M A R A T E ( X X I X ) T H R O U G H 1 , 2 , 3 -
T R I C A R B E T H O X Y - 4 - P Y R R O L I D O N E ( X X X ) , U S I N G T H E M E T H O D O F K U H N A N D O S S W A L D 
( 2 8 ) . T H E A S S I G N E D N U C L E A R M A G N E T I C R E S O N A N C E P E A K S A R E S H O W N A B O V E .
 T 
T H E S T R E C K E R R E A C T I O N W I T H 1 , 2 - D I C A R B E T H O X Y - 4 - P Y R R O L I D O N E ( X X X L ) 
WAS E X A M I N E D T O D E T E R M I N E T H E B E S T R E A C T I O N T I M E . I T WAS F O U N D T H A T 
T H E L A R G E S T W E I G H T O F B A S I C F R A C T I O N WAS O B T A I N E D A F T E R S I X D A Y S A N D 
T H E S T R O N G E S T N I T R I L E B A N D (4- .4-5 FX) I N T H E I N F R A R E D S P E C T R U M WAS P R E S E N T 
A F T E R T H I S T I M E . T H E B A S I C F R A C T I O N C O N T A I N E D 4 - C Y A N O - 4 - A M I N O - L , 2 - D I -
C A R B E T H O X Y P Y R R O L I D I N E ( X X X I I ) . T H E N U C L E A R M A G N E T I C R E S O N A N C E S P E C T R U M 
O F T H E C R U D E B A S I C F R A C T I O N WAS S I M I L A R T O T H A T O F S T A R T I N G K E T O N E ( X X X L ) 
E X C E P T T H A T T H E M E T H Y L E N E P R O T O N S A T W E R E , A S E X P E C T E D , N O N E Q U I V A L E N T 
A N D F O R M E D A N A B P A T T E R N C E N T E R E D A T 6 . 2 3 T -
A C I D H Y D R O L Y S I S O F 4 - C Y A N O - 4 - A M I N O - L , 2 - D I C A R B E T H O X Y P Y R R O L I D I N E 
( X X X I I ) R E S U L T E D I N T H E F O R M A T I O N O F 4 - A M I N O P Y R R O L I D I N E - 2 , 4 - D I C A R B O X Y L I C 
A C I D ( X X X I I L ) . . E L E M E N T A L A N A L Y S I S , T H E I N F R A R E D S P E C T R U M ( F I G . 5 ) , A N D 
T H E N U C L E A R M A G N E T I C R E S O N A N C E S P E C T R U M ( F I G . 6 ) W E R E C O N S I S T E N T W I T H T H E 
A S S I G N E D S T R U C T U R E F O R T H E N E W A M I N O A C I D . F R O M T H E N U C L E A R M A G N E T I C 
R E S O N A N C E S P E C T R U M I T A P P E A R E D P R O B A B L E T H A T T H E S U B S T A N C E I S A M I X T U R E 
O F S T E R E O I S O M E R S . T H E A M I N O A C I D WAS F U R T H E R C H A R A C T E R I Z E D B Y TWO H I G H ­
L Y C R Y S T A L L I N E D E R I V A T I V E S : T H E N , N ' - B I S - D I N I T R O P H E N Y L , M . P . 2 4 7 - 2 5 0 ° , 
A N D B I S - 2 , 4 - D I N I T R O - L - N A P H T H O L - 7 - S U L F O N A T E S A L T , M . P . 2 5 0 - 2 5 3 ° . 
R E C E N T L Y , 1 - A M I N O C Y C L O P E N T A N E C A R B O X Y L I C A C I D A N D S O M E O F I T S 
P E P T I D E A N D D I P E P T I D E D E R I V A T I V E S W E R E R E P O R T E D T O H A V E A N T I T U M O R A C ­
T I V I T Y ( 3 9 ) . S I N C E 4 - A M I N O P Y R R O L I D I N E - 2 , 4 - D I C A R B O X Y L I C A C I D ( X X X I I L ) 
A L S O H A S A 1 - A M I N O C Y C L O P E N T A N E C A R B O X Y L I C A C I D M O I E T Y , I T WAS T H O U G H T 
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t h a t t h e compound might have a n t i t u m o r a c t i v i t y . The amino a c i d (XXXIIl) 
a l s o h a s a p r o l i n e g r o u p , which i s f a i r l y common i n some enzymes , and 
c o u l d r e s u l t i n enhanced b i o l o g i c a l a c t i v i t y . However, b i o l o g i c a l 
t e s t i n g showed t h a t t h e amino a c i d d i d n o t e x h i b i t a n t i v i r a l o r a n t i ­
b a c t e r i a l a c t i v i t y ( 4 O ) . At t h e same t i m e c i s - 4 - a m i n o p y r r o l i d i n e - 2 - c a r -
b o x y l i c a c i d (XXIl) was a l s o t e s t e d and showed no b i o l o g i c a l a c t i v i t y . 
In a n a t t e m p t t o p r e p a r e t h e g u a n i d i n e d e r i v a t i v e of t h e a m i n o -
n i t r i l e (XXXIl) t h e compound was t r e a t e d w i t h an a q u e o u s s o l u t i o n of 
1 - g u a n y l - 3 , 5 - d i m e t h y l p y r a z o l e i n t h e p r e s e n c e of t r i e t h y l a m i n e ( 4 1 ) ' 
The W e b e r - p o s i t i v e p r o d u c t was h y d r o l y z e d w i t h a c i d , c h r o m a t o g r a p h e d on 
a c a r b o n column, and r e c r y s t a l l i z e d from e t h y l a c e t a t e . The Weber-
p o s i t i v e compound o b t a i n e d gave a n e g a t i v e S a k a g u c h i t e s t , which i n d i ­
c a t e d t h a t t h e compound was n o t a m o n o s u b s t i t u t e d g u a n i d i n e . E l e m e n t a l 
a n a l y s i s r e v e a l e d a m o l e c u l a r f o r m u l a of C^H^N^C^, which i s t h e f o r m u l a 
of g u a n i d i n e a c e t a t e . The Rp v a l u e s of t h e compound i n t h r e e s o l v e n t 
s y s t e m s , t h e i n f r a r e d s p e c t r u m , and t h e n u c l e a r m a g n e t i c r e s o n a n c e s p e c ­
t r a i n d e u t e r i u m o x i d e and t r i f l u o r o a c e t i c a c i d were i d e n t i c a l w i t h t h o s e 
of g u a n i d i n e a c e t a t e . At t h a t s t a g e of t h e r e s e a r c h , s t r u c t u r e V I I I f o r 
v i o m y c i d i n e was p r o v e d t o be i n c o r r e c t and t h e s y n t h e t i c work was a b a n ­
d o n e d . The s o u r c e of g u a n i d i n e a c e t a t e i s n o t c l e a r i n t h e r e a c t i o n s e - -
quence b u t i t i s t h o u g h t t h a t i t m i g h t have formed d u r i n g r e c r y s t a l l i z a -
t i o n of t h e p r o d u c e from e t h y l a c e t a t e . 
The S t r u c t u r e of V i o m y c i d i n e 
S t r u c t u r e V had been p r o p o s e d f o r v i o m y c i d i n e on t h e b a s i s of 
t h e a v a i l a b l e c h e m i c a l and p h y s i c a l d a t a ( 1 6 ) . Th i s s t r u c t u r e was a l s o 
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a c c e p t e d by J o h n s o n (15 ) and on t h e b a s i s o f o t h e r d a t a o b t a i n e d f r o m a 
d i p e p t i d e he i s o l a t e d f r o m t h e p a r t i a l a c i d h y d r o l y s a t e o f v i o m y c i n , 
J o h n s o n p o s t u l a t e d t h e c y c l i c s t r u c t u r e ( V i i ) as t h e s t r u c t u r e o f v i o ­
m y c i d i n e as i t o c c u r s i n t h e v i o m y c i n m o l e c u l e . 
H NH 
I II NH 
N—C —NH-2 2 
v 
V I I 
V i o m y c i d i n e i s o b t a i n e d f r o m v i o m y c i n by a c i d h y d r o l y s i s . I f 
s t r u c t u r e ( V I l ) , p r o p o s e d by J o h n s o n , i s c o n s i d e r e d t o be t h e c o r r e c t 
s t r u c t u r e o f " v i o m y c i d i n e i n t h e v i o m y c i n m o l e c u l e , a c i d h y d r o l y s i s w o u l d 
c e r t a i n l y g i v e r a c e m i c v i o m y c i d i n e and n o t an o p t i c a l l y a c t i v e s u b s t a n c e . 
S i n c e c r y s t a l l i n e v i o m y c i d i n e h y d r o c h l o r i d e i s o p t i c a l l y a c t i v e , t h e c y c ­
l i c s t r u c t u r e ( V I l ) p r o p o s e d b y J o h n s o n i s i n c o r r e c t and hence s t r u c t u r e 
V f o r v i o m y c i d i n e i s a l s o i n c o r r e c t . The u l t r a v i o l e t s p e c t r u m o f v i o m y ­
c i n c l e a r l y shows t h a t t h e g u a n i d i n e g r o u p i s i n v o l v e d i n t h e c h r o m o p h o r e , 
and so i t seems v e r y u n l i k e l y t h a t t h e c a r b o n a tom t o w h i c h t h e g u a n i d i n e 
g r o u p o f v i o m y c i d i n e i s a t t a c h e d can be a s y m m e t r i c . The g u a n i d i n e g r o u p 
o f v i o m y c i d i n e shows a d i f f e r e n t i a l u l t r a v i o l e t s p e c t r u m (\ ,. 222 m[i, 
max 
e 1690 u s i n g pH 1 3 . 1 v e r s u s pH 9 - 0 ) , w h i c h s u g g e s t s t h a t t h e g u a n i d i n e 
g r o u p i s a t t a c h e d t o an u n s a t u r a t e d c a r b o n a tom {2J+) • Thus t h e c a r b o n 
a t o m t o w h i c h t h e c a r b o x y l i c a c i d g r o u p i s a t t a c h e d , and n o t t h a t t o w h i c h 
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the guanidine group i s a t t a c h e d , i s the asymmetric carbon atom in the 
viomycidine molecule . 
Based on the above and o ther d a t a , the s t r u c t u r e 2 -guanido-A 1 -
p y r r o l i n e - 5 - c a r b o x y l i c ac id (XXXIV) was suggested f o r viomycidine. This 
s t r u c t u r e accounts f o r the presence of the guanidine group on an u n s a t u ­
r a t e d carbon atom, the presence of a A 1 - p y r r o l i n e moiety, and the presence 
of an asymmetric carbon to which the carboxyl ic ac id group i s a t t a c h e d . 
I t had been r e p o r t e d in the l i t e r a t u r e t h a t a l k y l a t i o n or a c e t y l a -
t i o n of A 1 - p y r r o l i n e s g ive , depending on the r e a c t i o n cond i t i on , e i t h e r N -
s u b s t i t u t e d A 2 - p y r r o l i n e s or N - s u b s t i t u t e d aminoketones, or a mixture of 
both (42 ,43 ,44) ' Accordingly, 2 , 4 -d in i t ropheny lv iomyc id ine was prepared 
and ass igned the A 2 - p y r r o l i n e s t r u c t u r e (XXXV). 




In order to prove the proposed s t r u c t u r e fo r viomycidine (XXXIV), 
the ozonolys is of 2 ,4 -d in i t rophenylv iomycid ine was i n v e s t i g a t e d in an ef­
f o r t t o i s o l a t e 2 ,4 - -d in i t ropheny la spa r t i c a c i d , as i t i s shown in the 
above r e a c t i o n sequence. This was based on a r ecen t r e p o r t by Z b i r a l 
(45) , in which A 1 - p y r r o l i n e - 5 - c a r b o x y l i c ac id was a c e t y l a t e d and ozonized 
The ozonide product was oxidized with hydrogen peroxide and the product 
was hydrolyzed in a c i d . Aspa r t i c ac id was obta ined as shown in the a c ­
companying r e a c t i o n sequence. 
2 ,4-Dini t rophenylv iomycidine (XXXV) was prepared by r e a c t i n g 
viomycidine (XXXIV) with 2 ,4-d i n i t ro f luo robenzene in an e tha no1-wa t e r 
mixture i n the- presence of an excess of sodium b ica rbona te (2$ ) . When 
2 ,4 -d in i t rophenylv iomycid ine was ozonized in cold 80 per cent formic 
ac id and the ozonized product was oxidized wi th hydrogen peroxide , the 
product formed showed two yellow spots by TLC a n a l y s i s . One of the 
spots corresponded to 2 , 4 - d i n i t r o a n i l i n e . The ozonized product was 
then hydrolyzed wi th concent ra ted (ca 12 N ) hydroch lo r i c ac id i n a p r e s ­
sure b o t t l e a t 95°• Analysis of the hydro lysa te by paper chromatog­
raphy and by t h i n l a y e r chromatography revea led guanid ine , 2 , 4 , - d i n i t r o -
a n i l i n e and an unknown Weber-posi t ive compound t h a t was not i d e n t i f i e d . 
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N O 2 , 4 - D I N I T R O P H E N Y L A S P A R T I C A C I D O R A S P A R T I C A C I D WAS D E T E C T E D . I T WAS 
S U S P E C T E D T H A T T H E 2 , 4 - D I N I T R O P H E N Y L D E R I V A T I V E W A S A T T A C K E D B Y T H E O Z O N E , 
D E S T R O Y I N G A N Y 2 , 4 - D I N I T R O P H E N Y L A S P A R T I C ' A C I D F O R M E D . I N O R D E R T O P R O V E 
T H I S A S S U M P T I O N , 2 , 4 - D I N I T R O P H E N Y L A S P A R T I C A C I D W A S , O Z O N I Z E D U N D E R T H E 
S A M E C O N D I T I O N S U S E D F O R T H E O Z O N O L Y S I S O F 2 , 4 - D I N I T R O P H E N Y L V I O M Y C I D I N E . 
T L C A N A L Y S I S O F T H E P R O D U C T I N D I C A T E D T H E P R E S E N C E O F 2 , 4 - D I N I T R O A N I L I N E 
A S T H E M A I N C O M P O N E N T ; N O 2 , 4 - D I N I T R O P H E N Y L A S P A R T I C A C I D R E M A I N E D . 
S I N C E 2 , 4 - D I N I T R O P H E N Y L A S P A R T I C A C I D D I D N O T S U R V I V E T H E O Z O N O L ­
Y S I S C O N D I T I O N , I T W A S T H O U G H T P O S S I B L E T H A T T H E D O U B L E B O N D I N 2 , 4 - D I ­
N I T R O P H E N Y L V I O M Y C I D I N E C O U L D B E O X I D I Z E D W I T H P O T A S S I U M P E R M A N G A N A T E I F 
2 , 4 - D I N I T R O P H E N Y L A S P A R T I C A C I D W A S S T A B L E T O T H E O X I D A T I O N C O N D I T I O N S . 
H O W E V E R , W H E N 2 , 4 - D I N I T R O P H E N Y L A S P A R T I C A C I D W A S T R E A T E D W I T H A C I D I C P O ­
T A S S I U M P E R M A N G A N A T E S O L U T I O N , T H E P E R M A N G A N A T E S O L U T I O N WAS D E C O L O R I Z E D 
W I T H I N A F E W M I N U T E S , A Y E L L O W S O L I D S E P A R A T E D W H E N T H E S O L U T I O N W A S 
C O O L E D ; I T S H O W E D T H E S A M E R^, V A L U E A S 2 , 4 - D I N I T R O A N I L I N E B Y T L C A N A L Y ­
S I S . T H E S O L I D WAS I S O L A T E D A N D WAS F O U N D T O H A V E T H E S A M E M E L T I N G 
P O I N T A S A N A U T H E N T I C S A M P L E O F 2 , 4 - D I N I T R O A N I L I N E ; N O D E P R E S S I O N I N 
M E L T I N G P O I N T WAS O B S E R V E D W H E N A M I X T U R E - M E L T I N G P O I N T W I T H T H E L A T ­
T E R W A S D E T E R M I N E D . I T W A S C O N C L U D E D F R O M T H E S E E X P E R I M E N T S T H A T N E I ­
T H E R O Z O N E N O R P E R M A N G A N A T E C O U L D B E U S E D T O O X I D I Z E • 2 , 4 - D I N I T R O P H E N Y L ­
V I O M Y C I D I N E T O 2 , 4 - D I N I T R O P H E N Y L A S P A R T I C A C I D B E C A U S E T H E L A T T E R , I F 
P R O D U C E D , W A S O X I D I Z E D B Y T H E S E R E A G E N T S . 
I N A F U R T H E R E F F O R T T O O Z O N I Z E T H E D O U B L E B O N D I N A D E R I V A T I V E 
O F V I O M Y C I D I N E A N D H E N C E O B T A I N E V I D E N C E F O R I T S S T R U C T U R E , A S E Q U E N C E 
O F R E A C T I O N S S I M I L A R T O T H A T U S E D B Y Z B I R A L (45) WAS P R O P O S E D . 
A C E T Y L V I O M Y C I D I N E ( X X X V L ) WAS P R E P A R E D F R O M V I O M Y C I D I N E , U S I N G 
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H^N—C—N 
1 . 0 . 
2 . E202 
NH H 
ll I 
A c 2 0 H 2 N — C - N 
H 2 N — C — N 
XXXVI 





H 2 N—C—NH 2 + C©2 + C H 3 Q0 2 H 
c o l d a q u e o u s a c e t i c a n h y d r i d e by t h e method of M i l l e r ( l l ) • The c r u d e 
p r o d u c t was o z o n i z e d , o x i d i z e d w i t h h y d r o g e n p e r o x i d e , and h y d r o l y z e d by 
a c i d , a c c o r d i n g t o t h e method of Z b i r a l (-4$). The h y d r o l y s a t e c o n t a i n e d , 
a s i n d i c a t e d by p a p e r c h r o m a t o g r a p h y , a m i x t u r e of g u a n i d i n e , v i o m y c i ­
d i n e , a s p a r t i c a c i d , and a n u n i d e n t i f i e d n i n h y d r i n - p o s i t i v e , Weber-
n e g a t i v e compound. The c o l o r s of t h e s p o t s c o r r e s p o n d i n g t o b o t h a s p a r t i c 
a c i d and g u a n i d i n e were v e r y weak, a n i n d i c a t i o n t h a t t h e a c e t y l d e r i v a - • 
t i v e p r o b a b l y has a d i f f e r e n t s t r u c t u r e t h a n XXVI o r i t m i g h t be a m i x ­
t u r e of XXXVI and XXXVII, a s was p r e v i o u s l y s u g g e s t e d ( l l ) . 
V i o m y c i d i n e was a c e t y l a t e d w i t h a c e t i c a n h y d r i d e and p y r i d i n e a t 
s t e a m - b a t h t e m p e r a t u r e . The c r u d e a c e t y l ' d e r i v a t i v e was o z o n i z e d and 
worked up a s m e n t i o n e d a b o v e . A b l a c k r e s i d u e r e m a i n e d . The r e s i d u e 
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a s p a r t i c a c i d , v i o m y c i d i n e , and g u a n i d i n e . The c o l o r i n t e n s i t y o f t h e 
s p o t c o r r e s p o n d i n g t o v i o m y c i d i n e i n d i c a t e d t h a t t h e l a t t e r was a m i n o r 
component i n t h e m i x t u r e . B o t h t h e a s p a r t i c a c i d and t h e g u a n i d i n e com­
p o n e n t s had t h e same R^ v a l u e s as t h o s e o f a u t h e n t i c samples i n t h r e e 
s o l v e n t s y s t e m s . The c r u d e r e s i d u e was r e a c t e d w i t h 2 , 4 - d i n i t r o f l u o r o -
benzene i n an e f f o r t t o o b t a i n c r y s t a l l i n e 2 , 4 - d i n i t r o p h e n y l a s p a r t i c 
a c i d . The p r o d u c t was a b r o w n - y e l l o w i s h o i l t h a t c o u l d n o t be r e c r y s ­
t a l l i z e d . The o i l was . a n a l y z e d b y TLC. A t l e a s t f o u r d i f f e r e n t com­
p o u n d s , one o f w h i c h had t h e same R^ v a l u e as an a u t h e n t i c sample o f 
2 , 4 - d i n i t r o p h e n y l a s p a r t i c a c i d , were p r e s e n t . The w h o l e m i x t u r e was 
c h r o m a t o g r a p h e d on t h i c k TLC p l a t e s and t h e band c o r r e s p o n d i n g t o 2 , 4 -
d i n i t r o p h e n y l a s p a r t i c a c i d was .removed and e l u t e d w i t h f i v e p e r c e n t 
f o r m i c a c i d i n a c e t o n e . The y e l l o w compound o b t a i n e d had t h e same R^ 
v a l u e as 2 , 4 - d i n i t r o p h e n y l a s p a r t i c a c i d i n n i n e s o l v e n t s y s t e m s , How­
e v e r , a l l a t t e m p t s t o o b t a i n t h e d e r i v a t i v e i n c r y s t a l l i n e f o r m f a i l e d . 
A p o r t i o n o f t h e h y d r o l y s a t e o f t h e o z o n i z e d p r o d u c t was c h r o m a t -
o g r a p h e d on t h i c k paper i n BAW s o l v e n t . The band c o r r e s p o n d i n g t o a s p a r ­
t i c a c i d was e l u t e d f r o m t h e p a p e r and t h e n c h r o m a t o g r a p h e d on a c a r b o n 
c o l u m n . The w h i t e s o l i d o b t a i n e d was c r y s t a l l i z e d f r o m w a t e r and a f f o r d e d 
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a c r y s t a l l i n e compound in 53 per cent y i e l d . The c r y s t a l l i n e product 
showed no r o t a t i o n in 1 N hydroch lor ic a c i d ; i t s i n f r a r e d spectrum (po­
tass ium bromide p e l l e t ) was superimposable on t h a t of an a u t h e n t i c sample 
of DL-aspar t ic ac id but d i f f e r e n t from t h a t of L - a s p a r t i c a c i d , and i t s 
nuc lea r magnetic resonance spectrum in 0 .5 N hydroch lor ic ac id was i d e n ­
t i c a l t o t h a t of DL-aspar t ic a c i d in the same s o l v e n t . These data show 
t h a t the proposed s t r u c t u r e , 2-guanido-A 1 - p y r r o l i n e - 5 - c a r b o x y l i c ac id 
(XXXIV) i s the s t r u c t u r e of v iomycidine . 
Since viomycidine i s o p t i c a l l y a c t i v e , i t was thought t h a t the 
a s p a r t i c ac id obta ined would be o p t i c a l l y a c t i v e . If t h i s had been the 
case , the a b s o l u t e conf igu ra t ion of viomycidine would have been d e t e r ­
mined wi th a s s u r a n c e . Racemization i s a t t r i b u t e d to the presence of 
hot py r id ine a t one s t age of the r e a c t i o n sequence. The con f igu ra t ion 
of viomycidine could be determined i f ace ty lv iomycid ine could be p r e ­
pared under non-racemizing cond i t ions . . 
According to the Clough-Lutz-J i rgensons r u l e , a c i d i f i c a t i o n of 
an aqueous s o l u t i o n of an L-a-amino ac id causes the molecular r o t a t i o n 
t o assume a more p o s i t i v e v a l u e ; on the o the r hand, a c i d i f i c a t i o n of an 
aqueous s o l u t i o n of a D-a-amino ac id causes the r o t a t i o n to become more 
nega t ive (25) . Since viomycidine was found to have an [M]^ - -37 .6° in 
water and -10 .3° i n 2 N hydroch lor ic ac id (9 ) , A[M]D = +27-3°, the com­
pound has the conf igu ra t ion shown in XXXVIII. 
X-ray c r y s t a l l o g r a p h i c (4&) examination of viomycidine hydroch lo ­
r i d e revea led t h a t i t was orthorhombic and belonged to space group 
C2221 ( 47 ) . The u n i t c e l l was found to con ta in e i g h t molecules and to 
have the dimensions 9*31 % x 12.15 1 x 1 4 - 8 1 2 . The d e n s i t y of 
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C R Y S T A L L I N E V I O M Y C I D I N E H Y D R O C H L O R I D E W A S O B S E R V E D T O B E 1 . 6 0 ( C A L C U L A T E D , 
1 . 6 4 ) . 
S T U D I E S O N T H E C Y E M L S T R Y O F V I O M Y C I N 
I N A N A T T E M P T T O O B T A I N A P A R T I A L H Y D R O L Y S A T E O F V I O M Y C I N A N D I S O ­
L A T E I N T E R M E D I A T E P E P T I D E S , T H E S T U D Y O F W H I C H M I G H T G I V E F U R T H E R I N F O R ­
M A T I O N O N T H E A R R A N G E M E N T O F T H E D I F F E R E N T A M I N O A C I D F R A G M E N T S I N T H E 
V I O M Y C I N M O L E C U L E , T H E A N T I B I O T I C W A S T R E A T E D W I T H T H E E N Z Y M E P R O N A S E A T 
P H 8 . 0 A N D R O O M T E M P E R A T U R E F O R 1 5 D A Y S . P A P E R G R A M A N A L Y S I S O F T H E R E A C ­
T I O N S O L U T I O N , H O W E V E R , I N D I C A T E D T H A T V I O M Y C I N W A S N O T A T T A C K E D B Y T H E 
E N Z Y M E A N D N O H Y D R O L Y S I S H A D T A K E N P L A C E . . 
B E C A U S E A N A L Y T I C A L D A T A F O R V I O M Y C I N , D E S U R E A V I O M Y C I N , A N D V I O M Y ­
C I N I C A C I D A R E I N B E T T E R A G R E E M E N T W I T H F O R M U L A S C O N T A I N I N G O N E N I T R O G E N 
A T O M L E S S T H A N T H E G E N E R A L L Y A C C E P T E D F O R M U L A , I T W A S T H O U G H T P O S S I B L E 
T H A T T H E A M M O N I A O B S E R V E D I N V I O M Y C I N H Y D R O L Y S A T E C O U L D B E A N A R T I F A C T 
A N D A R I S E F R O M A C I D C A T A L Y Z E D D E G R A D A T I O N O F T H E O B S E R V E D H Y D R O L Y S I S 
P R O D U C T S O F V I O M Y C I N . 
V I O M Y C I N W A S H Y D R O L Y Z E D W I T H 6 N H Y D R O C H L O R I C A C I D A T 9 5 ° F O R 
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s i x hours 1 and the whole hydrolysate. ,was analyzed by an amino ac id a n a l y ­
zer (48) . The r e s u l t s revea led an a c t u a l r a t i o of 1.00 mole of u rea , 
0.110 mole of ammonia, and 0.145 mole of v iomycidine . When urea was 
hydrolyzed under the same conditions, , , 0.073 mole of ammonia was r e l e a s e d 
per mole of u r e a . The r e l e a s e of a small amount of ammonia from each 
i n d i v i d u a l amino ac id produced by the hydro lys i s i s p o s s i b l e . Thus, 
ammonia i s not a r e a l hydro lys i s product of viomycin; i t s r e l e a s e in the 
hydro lys i s i s an a r t i f a c t . 
Mason (5) found t h a t when viomycin was hydrolyzed with hot 0-43 
N barium hydroxide, the hydro lysa te showed a papergram p a t t e r n with a 
spot corresponding to a l a n i n e . Since a l a n i n e does not occur in the ac id 
hydro lysa te of viomycin, the b a s i c hyd ro ly s i s was repea ted in an a t t empt 
to i s o l a t e and i d e n t i f y t h i s unknown fragment. 
Viomycin hydrochlor ide was hydrolyzed wi th 0.43 N barium hydrox­
ide a t 95° f o r t h r ee days . The hydro lys i s mixture was chromatographed 
on t h i c k paper in PW s o l v e n t . The s e c t i o n s corresponding to the p r e ­
sumed a l a n i n e f r a c t i o n were cut out and e l u t e d wi th wa te r . The com­
pound obta ined showed by papergram a n a l y s i s only one spo t , which c o r r e ­
sponded t o a l a n i n e , bu t the r e s idue was s l i g h t l y co lo red . The unknown 
was then chromatographed on a carbon column. The c o l o r l e s s s o l i d , ob­
t a ined in 22 per cent y i e l d (based on the formula C^H^gH-^O^ .3HC1 fo r 
viomycin h y d r o c h l o r i d e ) , showed no r o t a t i o n in 5«0 N hydroch lor ic ac id 
s o l u t i o n . The nuc lea r magnetic resonance spectrum of the compound in 
deuterium oxide was i d e n t i c a l wi th a spectrum of an a u t h e n t i c sample 
of a l a n i n e determined in a s i m i l a r s o l u t i o n . A sample of the n a t u r a l 
DL-alanine was t r e a t e d wi th 2 ,4 -d in i t r o f l uo robenzene in order to ob ta in 
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the 2,4-d-initrophenyl derivative. The reaction afforded a few milli­
grams* of yellow crystals that melted at 155-160°. The 2,4-dinitro-
phenyl derivative of an authentic sample of DL-alanine melted at 173-
174°• The wide range of melting point displayed by the derivative from 
the natural DL-alanine indicated that the product was not pure enough 
for a mixed melting point determination. However, when the infrared 
spectrum of this derivative was determined, as a potassium bromide pel­
let, it was found to be identical with a spectrum of the 2,4-dinitro-
phenyl derivative of an authentic sample of DL-alanine. The presence 
of DL-alanine in the basic hydrolysate of viomycin and its absence from 
the acid hydrolysate is attributed to the attack of the base on the ser­
ine fragment, released from viomycin during the hydrolysis, to give the 
resulting alanine. Wieland and Wirth ( 4 9 ) studied the hydrolysis of 
serine with hot saturated barium hydroxide at 110° for 15 hours in a 
sealed tube. They reported that the product showed, by paper chroma­
tography, the presence of serine, glycine, and alanine. The hydrolysis 
of serine was repeated under the same condition used for the hydrolysis 
of viomycin above. Papergram analysis of the hydrolysate indicated the 
presence of serine and alanine. DL-Alanine was presumably obtained 
from the L-serine, in the viomycin hydrolysate, by base-catalyzed racemi-
zation of the latter. 
When viomycidine was degraded with barium hydroxide at 95° for 
77 hours, pyrrole-2-carboxylic acid was isolated in 22 per cent yield, 
(ll). The barium hydroxide hydrolysate of viomycin hydrochloride at 95° 
after 73 hours was passed over an IR C - 5 0 ( H + ) column. The eluate from 
this column contained only acidic and neutral compounds. From this eluate 
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a py r ro l e ac id was obta ined in t h r ee per cent y i e l d . This compound and 
p y r r o l e - 2 - c a r b o x y l i c ac id were found to have i d e n t i c a l i n f r a r ed and u l ­
t r a v i o l e t s p e c t r a , the same value in n-BAW and the same color when 
the chromatogram was sprayed wi th E r l i c h ' s r e a g e n t . 
In ano the r run of the barium hydroxide hydro lys i s f o r t h r e e days, 
the r e a c t i o n mixture was a c i d i f i e d with s u l f u r i c ac id and d i s t i l l e d . 
The d i s t i l l a t e was t i t r a t e d with potassium hydroxide (0.25 mole of base 
per 1.24 mole of viomycin was needed) and the n e u t r a l s o l u t i o n was evap­
ora ted to d rynes s . The white s o l i d obta ined had a nuc lea r magnetic 
resonance spectrum i d e n t i c a l to t h a t of sodium a c e t a t e . The s a l t was 
obta ined in 20 per cent y i e l d . 
> The b a s i c hydro lysa te was a l s o t e s t e d fo r the presence of oxa l i c 
ac id by t r e a t i n g the a c i d i f i e d hydro lysa te with an excess of IR-45(©H ) . 
The r e s i n was then washed wi th hydroch lor ic a c i d to e l u t e any a c i d i c 
compound, and the e l u a t e was evaporated to d r y n e s s . This r e s idue gave 
a nega t ive a n i l i n e blue t e s t fo r o x a l i c ac id (18 ) . 
In an e f f o r t to determine the amount and the o r i g i n of ammonia 
r e l ea sed from viomycin on barium hydroxide h y d r o l y s i s , viomycin hydro­
ch lo r ide and some of i t s known hydro lys i s products were hydrolyzed wi th 
0.43 N barium hydroxide a t 9 5 ° . The amount of ammonia evolved was d e ­
termined versus t ime . The r e s u l t s obta ined a r e shown in Table 8 and 
F i g . 7 . L-Serine and a,p 1 -diaminopropionic ac id r e l ea sed only a n e g l i ­
g i b l e amount of ammonia during four days of h y d r o l y s i s . On the o the r 
hand, urea was completely converted to ammonia and carbon d ioxide in 
about 70 hours , and viomycidine r e l e a s e d almost t h r e e moles of ammonia . 
wi th in the same per iod of t ime . This c l e a r l y i n d i c a t e s t h a t p r a c t i c a l l y 
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A L L T H E A M M O N I A L I B E R A T E D , F R O M V I O M Y C I N C O M E S F R O M T H E U R E A A N D T H E 
G U A N I D I N E F U N C T I O N I N V I O M Y C I N . W H E N T H E C U R V E F O R T H E U R E A H Y D R O L Y S I S 
I S S U B T R A C T E D F R O M T H A T F O R V I O M Y C I N , A N E W C U R V E R E S U L T S W H I C H L E V E L S 
O F F A F T E R A B O U T 2 0 H O U R S O F H Y D R O L Y S I S A T A V A L U E O F A P P R O X I M A T E L Y O N E 
M O L E O F A M M O N I A P E R M O L E O F V I O M Y C I N . T H I S S H O W S T H A T D U R I N G T H E F I R S T 
2 0 H R S . O N E M O L E O F A M M O N I A W A S R E L A T I V E L Y E A S I L Y R E L E A S E D F R O M T H E 
V I O M Y C I N M O L E C U L E I N E X C E S S O F T H A T A R I S I N G F R O M T H E U R E A F U N C T I O N . 
T H I S M O L E O F A M M O N I A I S P O S T U L A T E D T O H A V E B E E N R E L E A S E D F R O M T H E V I O ­
M Y C I D I N E P R E C U R S O R B Y T R A N S F O R M I N G T H E " G U A N I D I N E U N I T " T O A " U R E I D O 
U N I T . " 
I T H A S B E E N A L R E A D Y I N D I C A T E D T H A T J O H N S O N ( 1 5 ) H A D P O S T U L A T E D 
S T R U C T U R E ( V T L ) F O R T H E V I O M Y C I D I N E M O I E T Y I N T H E . V I O M Y C I N M O L E C U L E . 
T H I S U N I T , W H I C H W A S P R O P O S E D T O B E R E S P O N S I B L E F O R T H E U L T R A V I O L E T 
C H R O M O P H O R E O F V I O M Y C I N , W A S P O S T U L A T E D T O B E T H E P A R T S T R U C T U R E O F A 
D I P E P T I D E ( V I ) T H A T J O H N S O N . I S O L A T E D F R O M P A R T I A L A C I D H Y D R O L Y S I S O F 
V I O M Y C I N . T H I S D I P E P T I D E S H O W E D A S I M I L A R U L T R A V I O L E T S P E C T R U M T O T H A T 
O F V I O M Y C I N A N D G A V E V I O M Y C I D I N E A N D A > P - D I A M I N O P R © P I O N I C A C I D O N A C I D 
H Y D R O L Y S I S . T H E 2 , 4 - D I N I T R © P H E N Y L D E R I V A T I V E O F T H E D I P E P T I D E R E L E A S E D 
V I O M Y C I D I N E A N D B I S - 2 , 4 - D I N I T R © P H E N Y L - A , P - D I A M I N © P R D P I © N I C A C I D W H E N 
H Y D R O L Y Z E D W I T H A C I D , W H I C H I N D I C A T E D T H E P R E S E N C E " O F T W O - P R I M A R Y A M I N O 
G R O U P S I N T H E D I A M I N O P R O P I O N I C A C I D F R A G M E N T . 
S T R U C T U R E ( V I ) , W H I C H W O U L D C O N T A I N T H E C H R O M O P H O R I C G R O U P O F 
V I © M Y C I N , C O U L D N O T A C C O U N T F O R T H E L O W F I E L D P R O T O N ( L . 9 3 T ) P R E S E N T 
I N T H E N U C L E A R M A G N E T I C R E S O N A N C E S P E C T R U M O F T H E A N T I B I O T I C (6) A N D , 
A S A L R E A D Y I N D I C A T E D , I T W I L L N O T G I V E O P T I C A L L Y A C T I V E V I O M Y C I D I N E O N 
A C I D H Y D R O L Y S I S . 
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In l i g h t of the c o r r e c t s t r u c t u r e f o r v i o m y c i d i n e (XXXIV),. a 
new s t r u c t u r e (XXXIX) i s p o s t u l a t e d f o r t h e d i p e p t i d e . Th i s s t r u c t u r e , 
XXXIX 
b e s i d e s s a t i s f y i n g a l l of Johnson ' s c h e m i c a l d a t a , has a chromophoric 
u n i t t h a t c o u l d be r e s p o n s i b l e f o r the u l t r a v i o l e t spectrum, has an 
o l e f i n i c pro ton t h a t cou ld a b s o r b i n the low f i e l d r e g i o n i n the n u c l e a r 
magnet i c resonance spectrum, and upon a c i d h y d r o l y s i s would r e l e a s e 
o p t i c a l l y a c t i v e v i o m y c i d i n e . 
S i n c e ..carbon d i o x i d e was not r e l e a s e d from v i o m y c i n on mi ld b a r ­
ium h y d r o x i d e t r e a t m e n t , i t i s p o s t u l a t e d t h a t carbpn d i o x i d e p r o b a b l y 
i s not p r e s e n t as a ure thane group i n v i o m y c i n (5Q)'. : 
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' ^ CHAPTER IV 
CONCLUSIONS 
c i s -4 -Aminopyr ro l id ine -2 -ca rboxy l i c ac id (XXII), c i s -3 -amino-
p y r r o l i d i n e -2 - ca rboxy l i c ac id (XXVl), and 4 - a m i n o p y r r o l i d i n e - 2 , 4 - d i -
carboxyl ic ac id (XXXIIl) have been syn thes i zed . A n a l y t i c a l data and 
in f r a r ed and nuc lea r magnetic resonance spec t r a were c o n s i s t e n t wi th 
the s t r u c t u r e s of the amino a c i d s . The amino ac id s were c h a r a c t e r ­
ized by the p r e p a r a t i o n of s e v e r a l c r y s t a l l i n e d e r i v a t i v e s . The amino 
ac ids XXII and XXXIII were found to have no a n t i v i r a l or a n t i b a c t e r i a l 
a c t i v i t y . 
XXII XXVI XXXIIl 
A p rev ious ly suggested s t r u c t u r e (V) for viomycidine has been 
r e j e c t e d on the b a s i s of da ta publ i shed by Johnson (15) , which was 
based on s t r u c t u r e (V) as the c o r r e c t s t r u c t u r e fo r v iomycidine . Ac­
cord ing ly , and on the b a s i s of the, a v a i l a b l e chemical and phys i ca l da t a , 
a new s t r u c t u r e (XXXIV) was p o s t u l a t e d fo r v iomycidine . This s t r u c t u r e 
was proved t o be the c o r r e c t s t r u c t u r e of viomycidine by the i s o l a t i o n 
and i d e n t i f i c a t i o n of DL-aspar t ic a c i d , as a n t i c i p a t e d , from the ozonol­
y s i s and hydro lys i s of ace ty lv iomyc id ine . The recemiza t ion of the 
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o p t i c a l l y a c t i v e c e n t e r o f v i o m y c i d i n e d u r i n g t h e p r o c e s s i s a t t r i b u t e d 
t o t h e p r e s e n c e o f h o t p y r i d i n e a t o n e s t a g e o f t h e r e a c t i o n s e q u e n c e . 
I t i s s u g g e s t e d t h a t t h e r e a c t i o n b e r e p e a t e d , u s i n g n o n r a c e m i z i n g c o n ­
d i t i o n s f o r p r e p a r i n g t h e a c e t y l d e r i v a t i v e o f v i o m y c i d i n e i n o r d e r t o 
o b t a i n o p t i c a l l y a c t i v e a s p a r t i c a c i d a n d h e n c e d e t e r m i n e t h e c o n f i g ­
u r a t i o n o f v i o m y c i d i n e . 
T h i s c o r r e c t s t r u c t u r e f o r v i o m y c i d i n e s u g g e s t s a n e w c h r o m o -
p h o r i c g r o u p ( X X X I X ) i n the- v i o m y c i n m o l e c u l e r a t h e r t h a n t h e o n e s u g ­
g e s t e d b y J o h n s o n ( V I l ) . T h i s n e w c h r o m o p h o r i c u n i t , b e s i d e s e x p l a i n -
X X X I X V I I 
i n g a l l t h e d a t a o b t a i n e d f r o m V I I , a c c o u n t s f o r t h e p r e s e n c e o f a l o w 
f i e l d p r o t o n i n t h e n u c l e a r m a g n e t i c r e s o n a n c e s p e c t r u m o f v i o m y c i n a n d 
f o r t h e r e l e a s e o f o p t i c a l l y a c t i v e v i o m y c i d i n e . ' ' N e i t h e r f a c t c o u l d b e 
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accounted for by structure (Vii). 
The isolation and identification of DL-alanine from the barium » 
hydroxide hydrolysis of viomycin is attributed to the transformation of 
the serine fragments, released from the antibiotic, to alanine by base 
during the hydrolysis ( 4 9 ) • Interpretation of the rate of release of 
ammonia from the barium hydroxide hydrolysis of viomycin and some of 
its components indicate the release of one mole of ammonia from viomy­
cin in excess of that released from the urea fragment in the first 
twenty hours of hydrolysis. This easily released ammonia is attrib­
uted to the change of a "guanidine unit" to a "ureido unit" in the vio­
mycin chromophore. It was also concluded from the quantitative amino 
acid analysis of the acid hydrolysate of viomycin that ammonia is an 
artifact in the acid hydrolysate of viomycin. Since carbon dioxide was 
not released from the antibiotic by mild base hydrolysis, it was postu­
lated that carbon dioxide does not exist as a urethane moiety in 
viomycin. 
In summary, the structural formula of viomycin is composed of the 
following partial structures: 
H H O H O 
I I IL 1 I T 
- N — C H — N — C H — C — N - C — N H , 
I I 




- C — C H * — C H — C H ; r — C H ^ - C H 0 
et j et et J et 
N H 2 N H 
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WAVELENGTH (MICRONS) 
Figure 1. Infrared Spectrum of cis-4-Aminopyrrolidine-2-
C A R B O X Y L I C A C I D H Y D R O C H L O R I D E . 
F i g u r e 2 . N u c l e a r M a g n e t i c Resonance Spec t rum o f c i s - 4 -
A m i n o p y r r o l i d i n e - 2 - c a r b o x y l i c A c i d H y d r o c h l o r i d e 
i n D e u t e r i u m Ox ide S o l u t i o n . 
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F i g u r e 3 • I n f r a r e d S p e c t r u m o f c i s - 3 - A m i n o p y r r o l i d i n e - 2 -
c a r b o x y l i c A c i d S u l f a t e . 
F i g u r e U* N u c l e a r M a g n e t i c Resonance Spec t rum o f c i s - 3 -
A m i n o p y r r o l i d i n e - 2 - c a r b o x y l i c A c i d S u l f a t e i n 
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F i g u r e 7 . Moles of Ammonia l i b e r a t e d from t h e Barium 
Hydrox ide H y d r o l y s i s of Viomycin, V i o m y c i d i n e , 
U r e a , S e r i n e , and a , | 3 - D i a m i n o p r o p i o n i c Acid 
v e r s u s Time. . . / 
a . Barium Hydrox ide H y d r o l y s i s of Viomyc in . 
b . Barium Hydrox ide H y d r o l y s i s of Viomycidine . . 
c . Barium Hydrox ide H y d r o l y s i s of U r e a . 
d . Viomycin Curve minus Urea C u r v e . 
e . Barium Hydrox ide H y d r o l y s i s of S e r i n e . 
f. Barium Hydrox ide H y d r o l y s i s of a , p -
D i a m i n o p r o p i o n i c ' A c i d . 
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